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1.0 OBJECTIVES OF THE JET VANE ACTUATOR TESTS

1.1 To determine the operating characteristics of each actuator

under the following conditions:

]

1.1.1 Atmospheric pressure prior to vacuum exposure.

1.1.2 Ultrahigh vacuum after an 8-day exposure to a

pressure less than 1.0 x 1078 torr.
1.1.3 Atmospheric pressure following vacuum exposure.

1.2 To determine the effects of the vacuum exposure on the
working components and materials of the actuators under operating

conditions.

1.3 To determine the effects of the vacuum exposure on static

bearings and potentiometers of the type used in the actuator assembly.

1.4 To recommend changes in actuator design.
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2.0 TEST RESULTS

2.1 Vacuum Exposure Test No. 1

2.1.1 Introduction
Exposure Test No. 1 was performed on Aeroflex Jet Vane
Actuator, Serial No. 01, modified as described in Section 4.3 of this
report; Markite Potentiometer, Serial No. 100; and Barden Bearing,
No. SFR3BSSX112K5. Test operations were performed and test para-
meters were measured before, during, and after vacuum exposure to

discover and determine any change in performance characteristics.

2.1.2 1Installation of Test Pieces and Checkout of Assembly
On March 8, 1963, at 1200 hours the installation and

checkout sequence for Exposure Test No. 1 were started. The jet vane
actuator was mounted on the vacuum chamber cover and wired to the
vacuum side of the electrical feedthrough. The power supply and
instrumentation were assembled and checked out. The static potentio-
meter was wired to the vacuum side of the electrical feedthrough after
having been conditioned as described in Section 10.1.2 of this re-
port. The static Barden bearing was mounted on a vertical shaft
and preloaded with a brass fly wheel. Figs. 1, 2 and 3 show the

apparatus, the instrumentation and the mounted test specimens.

2.1.3 Atmospheric Pressure Operation
On March 15, 1963, at 2000 hours all circuits had been
checked out and found to be operating properly. The jet vane actuator

torque motor was then calibrated. The values obtained are shown in



Table 7. The multichannel recorder was then calibrated as des-
cribed in Section 8.2.

On March 15, 1963, at 2330 hours the atmospheric
pressure operation of the jet vane actuator was started. Duration
of the operating period was 12 minutes and all test parameters were
monitored. Data for the atmospheric pressure operation are shown
in Table 1. During the operating period the recorded signals from
the telemetry potentiometer and the torque motor indicated noise of
varying amplitude and 100 cycle frequency. This data was telephoned
to Mr. Gerry Perkins of JPL who stated that, ''100 cycle noise was
present during previous testing of the actuator unit." Attempts
to eliminate the noise led to the conclusion that it was a charac-
teristic of the circuitry. The operating sequence was then resumed.
Resistance and voltage readings were taken on the static potentio-
meter as per Section 9.3. The preloaded bearing was checked as per
Section 9.2 and the starting torque was found to be negligible. The

vacuum system was then closed for pumping.

2.1.4 Pumpdown and Bakeout
On March 16, 1963, at 0230 hours the pumpdown was
started. When the vacuum chamber pressure reached 1.0 x 10'4 torr
the heaters were turned on to bake out the system. During the bake-
out period of eight hours the temperatures of the actuator and of
the static potentiometer were not allowed to exceed 190°F. Pumpdown
data are shown in Table 2 and Fig. 4. After the bakeout period was

completed, the chamber was allowed to cool down to room ambient

temperature.



2.1.5 Static Vacuum Exposure
On March 17, 1963, at 0100 hours, the chamber pressure
had reached a value of 3.0 x 10°° torr and the eight-day static
vacuum exposure period was started. The static potenticmeter data,
system pressure, and component temperatures were taken every four

hours. These data are included in Table 2.

2.1.6 Vacuum Operation

On March 25, 1963, at 1215 hours the vacuum operation
phase of the test was started. The jet vane actuator was operated
for fourteen minutes while all test parameters were monitored. The
same 100 cycle "noise'" patterns which, during the atmospheric
pressure operation, had been observed in the recorded signals from
the telemetry potentiometer and the torque current were present in
the same magnitude at the start of vacuum operation. The '"noise"
pattern remained essentially unchanged during the first 1.5 minutes
of operation. During the remaining portion of the operating period,
both the magnitude and the quantity of 'moise" increased steadily.

After 4.7 minutes of operation, ''moise'" began to
appear in the servo potentiometer signal. The servo potentiometer
noise increased spasmodically and after fourteen minutes of opera-
tion had masked the basic signal so that it had changed from a
sinusoidal wave form to an almost square wave form. At this point
operation was stopped and the jet vane actuator was allowed to soak
in the 10_9 torr environment for 1.5 hours. Data for this operating

period are shown in Table 3.



After the soak period, the actuator was restarted at
1400 hours and was operated for ten minutes. At the beginning of
this second period of vacuum operation the 'moise' pattern for all
signals was essentially the same s: it had been at the beginning
of the first period of vacuum operation and it did not change
appreciably during the first minute of operation. During the re-
maining portion of the operating period both the magnitude and
quantity of 'moise" increased steadily in the signals from the tele-
metry potentiometer and the torque motor. After 3 minutes of
operation, ''moise' began to appear in the servo potentiometer signal.
The servo potentiometer ''moise' steadily increased until the signal
became very erratic. At this point operation of the jet vane
actuator was stopped. Data for this second operating period are

shown in Table 4.

2.1.7 Operation of Actuator at Various Pressure Levels
On March 25, 1963,at 1450 hours a controlled shutdown
and venting procedure was started. The diffusion pumps were turned
off and the vacuum chamber pressure was allowed to rise without the
addition of any venting gas. As the pressure rose the jet vane
actuator was operated briefly at each pressure decade to observe
the effect of each pressure increase on the operating parameters.

6 torr the magnitude of the ''noise"

At a pressure of 5 x 10~
in the telemetry potentiometer began to decrease. At a pressure of
about 2 x 1072 torr the magnitude and quantity of '"noise" in the
torque motor signal began to decrease and the servo potentiometer

signal began to revert to the sinusoidal wave form. Data are shown

in Table 5.



2.1.8 Post Vacuum Operation
On March 25, 1963, at 1640 hours the actuator was
operated for 1.5 minutes at room ambient conditions. Some noise was
still evident on both the torque current and telemetry potentiometer

signals. Data are shown in Table 6.

2.1.9 Post Vacuum Calibration and Checkout
On March 25, 1963, at 1700 hours the jet vane actuator
and the associated instrumentation were checked and recalibrated as
described in Section 8.0. The static potentiometer was reconditioned
as described in Section 10.1.2 and data were taken as described in
Section 9.3. The loaded bearing was checked for starting torque and

no measurable change was found. Data are shown in Tables 7 and 8.

2.1.10 Component Evaluation
On March 26, 1963, at 0800 hours the jet vane actuator
was disassembled for physical examination of its component parts.
The Markite potentiometers and Barden bearings were examined by Mr.
John L. Ham of NRC and were then sent to their respective manufacturers
for further evaluation. Data from these examinations and evaluations

are presented in Appendix A.



2.2 Vacuum Exposure Test No. 2

2.2.1 Introduction

Exposure Test No. 2 was performed with Aeroflex Jet
Actuator, Serial No. 02, modified as described in Section 4.3 of
this report; Markite Potentiometer, Serial No. 200; and Barden Bearing,
Part No. SFR3BSSX112K5. Test operations were performed before, during,
and after vacuum exposure to determine any change in performance
characteristics.

2.2.2 1Installation of Test Pieces and Checkout of Assembly

On March 26, 1963, at 1200 hours the installation and
checkout sequence for Exposure Test No. 2were started. The jet vane-
actuator was mounted on the vacuum chamber head and wired to the
vacuum feedthrough. A stainless steel tube was welded to the actuator
rear case and passed through the vacuum head. This tube was connected
to a mercury "U" tube manometer which was used to monitor the pressure
inside the actuator éase during the initial pumpdown phase and the
venting phase of the test., A clamp was mounted between the vacuum
system and the manometer to close the line and isolate the manometer
from the system after initial pumpdown. See Figures 5, 6, & 7.
The power supply and instrumentation were checked out.

All circuits were found to be operating properly with
the exception of the amplifier circuit, The trouble appeared to be
in the transistor section. A JPL representative was notified and he

decided to send a new amplifier to replace the faulty one.
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On April 5, 1963, at 1300 hours the new amplifier
arrived and was installed. The circuit was checked and Pin B on
the amplifier connector lead was found to have an open circuit.
Repairs were made and the circuit was re-checked and found to be
operating properly.

On April 5, 1963, at 1545 hours the actuator was
operated under atmospheric conditions for 6 minutes., Data are shown
in Table 9. Operation was terminated by a malfunction. Circuits
were then checked out again and were found to be operational but the
actuator would only run intermittently. The connector on the actuator
case was removed and it was found that a wire, leading from Pin B
to the servo potentiometer wiper, was broken. The wire appeared to
have been cut when it was stripped at the time of assembly of the
actuator unit. The wire was repaired and the circuit was re-checked
and found to be operating properly. The static potentiometer was
conditioned as per Section 10.1.2 of the Pre-Test Procedure and was
then wired to the vacuum feedthrough. The Barden bearing was mounted
on a shaft and was pre-loaded with a brass fly wheel. See Figure 7.

2.2.3 Atmospheric Pressure Operation

On April 8, 1963, at 1200 hours all circuits were
checked out and found operational. The recording instrumentation was
checked and calibrated as per Section 8.0,

On April 8, 1963, at 1645 hours, a 12 minute period of
operation at atmospheric pressure was performed. One hundred cycle

noise, similar to that observed during the first actuator test, was



present on the torque current and telemetry potentiometer signals,
Data for the atmospheric pressure operation are in Table 9. The
vacuum system was then closed and ° pre-pumpdown check of all circuits
was performed. The amplifier did not perform properly and the trouble
was traced to over-heating transistors. Replacements were installed
and on April 9, at 1335 hours, a brief operating period was started.
The actuator stopped operating after 2.5 minutes due to a faulty
ground connection. This condition was corrected and proper operation
was resumed. Data are shown in Table 9.

On April 9, 1963, at 1400 hours the actuator was operated
for 15 minutes at atmospheric pressure. During this operating period
transistors in the amplifier circuit were matched to achieve the best
torque current signal. The final 5 minutes of atmospheric pressure
operation was run using the best matched pair of transistors. During
the entire periad of atmospheric pressure operatibn 100 cycle noise
was present on the torque current and telemetry potentiometer signals.
Resistance and voltage readings were taken on the static potentiometer
as described in Section 9.3. The static bearing data were obtained as
described in Section 9.2. The starting torque was negligible. The
"U" tube manometer was installed as per Section 7.6. See Figures
5,6, and 7 and Table 10.

2.2.4 Pumpdown and Bakeout

On April 9, 1963, at 1452 hours the pumpdown was

started. During the initial pumpdown, pressure in the actuator pe

case interior was read with the mercury ''U" tube manometer. See
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Table 11 for initial pumpdown data of system and actuator.

On April 9, 1963, at 1550 hours the manometer clamp
was closed and the manometer was isolated from the system. When
the vacuum chamber pressure reached 1.0 x 10-%4 torr the heaters
were turned on to bake out the system. During the bakeout period
of eight hours the temperatures of the actuator and the static
potentiometer were not allowed to exceed 190°F. Static potentiometer
data was taken at intervals during this period. After the bakeout
was completed, the chamber was allowed to cool to room temperature.
Data are shown in Table 12,

2.2.5 Static Vacuum Exposure

On April 10, 1963, at 1400 hours the chamber pressure
had reached a value of 1.0 x 10-8 torr and the eight day static
vacuum exposure period was started. The static potentiometer data,
system pressure and component temperatures were taken every four
hours. These data are included in Table 12.

2,2.6 Vacuum Operation

On April 18, 1963, at 1015 hours the vacuum operation
phase of the test was started. The jet vane actuator was operated
for 24 hours while all test parameters were monitored. The same 100
cycle noise patterns which during the atmospheric pressure operation
had been observed in the recorded signals from the telemetry
potentiometer and the torque current were present in the same>
magnitude at the start of vacuum operation. The patterns of all six
signals remained essentially unchanged throughout the 24 hour

operation period with the exception of a zero position shift of the
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actuator after 5.1 hours of operation. The zero shift was corrected
by adjusting the amplifier balance potentiometer and the actuator
then continued to operate with approximately the same signal
magnitudes as had existed before the zero shift. After the completion
of 24 hours operation the system was prepared for venting with the
actuator continually operating. Data for the 24 hour operating period
are shown in Table 13.
2.2.7 Operation of Actuator at Various Pressure Levels

On April 19, 1963, at 1100 hours a controlled shutdown
and venting procedure was started with the actuator operating continu-
ously. The diffusion pumps were turned off and the vacuum chamber
pressure was allowed to rise without the addition of any venting gas.
As the pressure rose, data was collected at each pressure decade to
observe the effect of each pressure increase on the operating parameters.

At a pressure of 2.0 x 10~8 torr the noise level in
the telemetry potentiometer and the torque current signals started
to increase in magnitude. These signal "noise levels" increased as
the system pressure increased. At a pressure of 28 millimeters of
Hg the torque current signal was completely hidden under its noise
pattern and for the first time a slight distortion in the servo
potentiometer output was noticed. The vacuum system was held at a
pressure of 28 millimeters of Hg for approximately one minute and
the clamp on the "U" tube manometer was opened. The system was then
vented to atmosphere while monitoring the actuator interior pressure
as well as the operational characteristics. While venting with dry

nitrogen from 28 millimeters to atmospheric pressure, the torque
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current signal increased until it was completely hidden in a wide
noise band. Data for the vent operation are shown in Tables 11 and 14.

2.2.,8 Post Vacuum Operation

On April 19, 1963, at 1238 hours the vacuum system

reached atmospheric pressure and the actuator was operated for 1.5
minutes at room ambient conditions. Data for this operation are shown
in Table 15.

2.2,9 Post Vacuum Calibration and Checkout

On April 19, 1963, at 1400 hours the jet vane actuator

and the associated instrumentation were checked and re-=calibrated as
described in Section 8.0. The static potentiometer was reconditioned
as described in Section 10.1.2 and data were taken as described in
Section 9.3. The static bearing was checked for starting torque
and no measureable change was found. Data are shown in Tables 16
and 17,

2.2.10 Component Evaluation

On April 20, 1963, at 0800 hours the jet vane actuator
was disassembled for physical examination of its component parts.
The Markite potentiometers and Barden bearings were examined by
Mr. John Ham of NRC and were then sent to their respective
manufacturers for further evaluation. Data from these examinations

and evaluations are presented in Appendix A.
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3.0 CONCLUSIONS AND RECOMMENDATIONS

3.1 Introduction
The conclusions are based on the test results and the sub-
sequent evaluation of the test components and are separated into
three categories: 1) The Aeroflex jet vane actuator assembly,
2) the Markite potentiometer, and 3) the Barden ''Bartemp' bearing.
Included in each category are recommendations for improvement of the

operation of each component.

3.2 The Aeroflex Jet Vane Actuator Assembly

Two jet vane actuator assembly samples were exposed in-
dividually to a pressure environment in the 10-9 torr range. The
operating components of one assembly were exposed directly to the
vacuum environment. The operating components of the second assemb-
ly were exposed indirectly to the vacuum environment through a re-
stricted opening. Refer to Section 4.3 for a more complete des-
cription of the test samples. The performance of the two assemb-
lies was essentially identical during operation in air prior to
vacuum exposure. The performance of the two assemblies was vastly

different during operation in ultrahigh vacuum after an eight-day

exposure to an ambient pressure in the 1077 torr range.

The assembly in which the operating components were
directly exposed to the ambient vacuum developed serious ''moise"

in its electrical signals after 1.5 minutes of operation. This
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undesirable noise level steadily increased and resulted in termina-

tion of the test after only 25 minutes of vacuum operation.

The assembly in which the operating components were in-
directly exposed to the ambient vacuum operated with its electrical

"moise'" at a level little greater than that during operation

signal
in air. The noise level remained essentially the same during 24
hours of vacuum operation after which the test was terminated as

scheduled.

It is concluded that the restricted opening in the second
sample in combination with outgassing from the components and
materials inside the actuator case resulted in a higher local pres-
sure around the operating components. This higher local pressure
reduced evaporation and decomposition of lubricating or protecting
surface films whose presence prevents any metal to metal contacts

which produce galling and resultant electrical noise.

It is recommended that, for reliable actuator operation
following long period of static exposure to low pressures, the ac-
tuator case be at least partially sealed. Inclusion of a small
amount of benign material, with a low but finite vapor pressure,
inside the partially sealed actuator case should increase the

length of the tolerable exposure period.
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3.3 The Markite Potentiometer

Two potentiometer assembly samples were operationally
tested as component parts of the two jet vane actuator assemblies
and two potentiometer body samples, without wipers, were statisti-

cally tested as individual components.

The two static potentiometer bodies were exposed to simi-
lar ambient pressures in the two exposure tests. The results were
essentially the same in each case. The resistance and the voltage
drop across the total potentiometer, and across each of its two
halves, were measured at intervals during the test. No appreciable

change was found in either of these two values.

The two operational potentiometer assemblies were ex-
posed to different ambient pressures in the two exposure tests as
a result of the two different degrees of communication between the
inside of the actuator case and the vacuum prevailing in the ex-
posure chamber. The major difference observed on microscopic exa-
mination was one of wear. The tracks and wipers on the unit with
restricted communication showed relatively high wear consistent
with the much longer perind of operation. Since the actuator

signals did not develop excessive ''moise"

during this long opera-
ting period, wear, as such, does not appear to be the cause of

noisy signals.

Each of the operating potentiometers showed orderly wear
on the high resistance track and the associated wiper. Each of

the potentiometer showed craters and ridges on the low resistance
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track and pits and smears on the associated wiper. The inspection
and evaluation at Markite Corporation showed some increase in con-

tact resistancy but that the units were still within specifications.

It is concluded that the high resistance track performs
well at all pressures; that the low resistance track does not per-
form well in ultrahigh vacuum and is the most likely source of the
noisy actuator signals. It is felt the evidence would be more clear
cut if the restricted unit had not gone through a period of noisy
operation, probably due to blowing around of wear dust, during the
venting phase of the second exposure test. This is described in

Section 2.2.7.

It is recommended that the low resistance track be re-
placed by either two flexible wires or a second high resistance

track in series with the present high resistance track.

3.4 The Barden ''Bartemp' Bearings

Four bearing samples were operationally tested as com-
ponent parts of the two jet vane actuator assemblies and two
bearing samples were tested under static load as individual com-
ponents. The bearings were examined both visually and mechani-
cally at National Research Corporation, and both optically and
on a smooth rotor at Barden Bearing Company. No effect due to
either static vacuum exposure or vacuum operation was detect-
able in either examination. One bearing was found to have

multiple brinell marks. This bearing was difficult to remove
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from the actuator shaft and the brinelling undoubtedly occurred

during removal.

It is concluded that the '"Bartemp' bearings operated

well at all pressures.
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4.0 TEST COMPONENTS

4.1 Description of Test Components
The test components consisted of seven items two Aero-~
flex jet vane actuator assemblies; two Barden precision ball bearings,
duplicates of one of the actuator assembly parts; and three Markite
potentiometers, duplicates of one of the actuator assembly parts.
4,2 1ldentification of Test Components

The test components and part numbers are listed below:

Description Manufacturer Part No, S/N Quantity
Jet Vane Actuator  Aeroflex --- 01 1
Jet Vane Actuator  Aeroflex -—- 02 1
Potentiometer Markite --- 100 1
Potentiometer Markite -——— 200 1
Potentiometer Markite --- 2G-834 1
Ball Bearing Barden SFR3BSSX112K5 -—- 2

4.3 Aeroflex Jet Vane Actuators
The jet vane actuators were standard units individually
modified for each test, Actuator Serial No. 0l was modified by
removal of the shaft seal and the back cover to allow for full
vacuum exposure of the interior components. See Figures 2 and 3,
Actuator Serial No., 02 was modified by removal of the shaft seal
and by attachment of a pressure measuring device as described in

Section 6.3 of this report, See Figures 6 and 7, z



4.4 Markite Potentiometers
The Markite potentiometers were standard units with the
wiper removed. Serial Numbers 100 and 200 were exposed to the vacuum
environment. Serial Number 2G-834 was not exposed to the vacuum en-

vironment and was used as a comparison tool to determine any vacuum

effect.

4.5 Barden Precision Ball Bearings

The ball bearings were standard Bartemp No-lube bearings.
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5.0 TEST FACILITIES

5.1 Vacuum System
The tests were conducted in NRC Ultrahigh Vacuum System
No. 146. The vacuum chamber is 14 inches in diameter and 18 inches
deep. The chamber is pumped by a liquid nitrogen trap, a six-inch
diffusion pump, a two-inch diffusion pump and a six-cubic foot
mechanical pump in series. This system is capable of reaching a
pressure of 1.0 x 10-9 torr when clean, dry, empty, and at room
temperature, See Figures 1 and 5.
5.2 System Pressure
Pressure in the main chamber of the system is measured with
a hot filament ionization gauge whose output is read with a stand-
ard NRC ionization gauge control box. Secondary pressure gauges are
located throughout the pumping manifold to monitor pressures at each

pumping station,



6.0 TEST FIXTURE AND EQUIPMENT

6.1 Jet Vane Actuator Mount
The jet vane actuator mount consisted of a stainless steel
plate fitted with suitable mounting holes for the actuator and with
two stops which restricted the jet vane actuator rotation to 1250@
This mounting plate was welded to the vacuum surface of an 18-inch
diameter flange which served as the vacuum chamber top-cover. A
twenty wire feedthrough was installed in the center of the flange
for electrical connections to the actuator. See Figures 2 and 3,
6.2 Power Supply
The jet vane actuator was operated by an amplifier which
was supplied by Jet Propulsion Laboratory. This amplifier was
powered by wet cell batteries, The batteries supplied a bias of
plus and minus 22 volts DC to the amplifier and 6 volts DC across
the servo potentiometer, Motion to the jet vane actuator was supplied
by a Kronite signal generator which supplied 2 cycle, 0 to 6 volts,
RMS current. Power to the telemetry. potentiometer was supplied by
a 6 volt wet cell battery. See Figures 10 and 12,
6.3 Actuator Case Pressure Indicator
After completion of the first exposure test, the chamber
cover and the actuator to be tested were modified so that during
the pumpdown and venting phases of the second exposure test the
pressure inside the actuator unit could be measured. The modifica-

tions performed and the pressure measuring equipment used are




described below and shown in Figures 6 and 7.

A stainless steel cover was constructed to replace the
existing aluminum cover on the back of the actuator case. A hole
was drilled in this stainless cover to receive a 1/4-inch stainless
steel tube. A similar hole was drilled in the vacuum chamber cover,
A shaped and fitted length of stainless tubing was welded into the
actuator cover and, after thorough cleaning, this assembly was
attached to the actuator. The actuator was then mounted in test posi-
tion with the free end of the tubing passing through the hole in the
vacuum chamber cover. The tubing was then welded to the vacuum cham-
ber cover.

On the outside of the vacuum chamber a pressure measuring
system was provided for connection to the free end of the stainless
tubing when the cover was in position on the chamber. This pressure
measuring system consisted of a '"U" tube mercury manometer, a trap
containing a mixture of dfy ice and acetone to prevent diffusion of
mercury vapor into the vacuum chamber, and a clamp to isolate the
measuring system from the vacuum chamber during periods when the

measuring system was not in use,
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7.0 INSTRUMENTATION

7.1 Oscilloscope and Camera, Model No. 535
A Tectronic oscilloscope, was used to visually examine
the feed-back signal from the servo potentiometer. A Dumont
oscilloscope camera was used to take photographs of the feed-back
signal at selected times, See Figures 1 and 5.
7.2 Low Frequency Filter
A low frequency resistance-capacitance filter was con-
structed according to specifications for the "0" filter found in
the Markite Corporation publication entitled ''Test Procedure for
Filtered Output.,'"* A schematic diagram of the '"0" filter is shown
in Figure 11. This low frequency filter was wired into the tele-
metry potentiometer circuit so that the two cycle carrier from the
Kronite signal generator was removed from the potentiometer output
signal leaving the higher frequency ''moise' signals clearly defined.
Figure 12 shows the filter placement in the instrumentation circuit,
7.3 Multi-Channel Recorder
A Schwarzer multi-channel recorder was used to record six
signals simultaneously. 1In the first exposure test the six recorded
signals were: (1) the input voltage to the amplifier, (2) the
feed-back voltage from the servo potentiometer, (3) the pressure
in the vacuum system, (4) the temperature of the actuator case,
(5) the current through the torque motor, and (6) the noise from
the telemetry potentiometer,

*Markite Corporation Engineering Report No. P-429, pages 5 and 6.



In the second exposure test the output voltage from the
telemetry potentiometer was recorded instead of the temperature
of the actuator case. All other signals recorded in the second
test were the same as had been recorded in the first test. Channel
identification and calibration factors are listed in the recorder
calibration section. See Section 8.2 and Tables 8 and 17.

7.4 Temperature Potentiometer

A Leedsand Northrup direct reading potentiometer, Model
8693, was used to read out two copper constantan thermocouples indi-
cating the temperatures of the jet vane actuator case and the static
Markite potentiometer,

7.5 Vacuum Tube Voltmeter

An RCA Vacuum Tube Voltmeter, Model WV-98A, was used to

measure voltage and resistance across the static potentiometer.
7.6 "U'" Tube Manometer (See Figure 7)

In Test No. 2 a "U" Tube Mercury Manometer was attached
through a cold finger to the 1/4'" diameter tube which passed through
the vacuum chamber cover to the actuator back cover. The manometer
was used to monitor the actuator interior pressure during the pump-
down and venting phases of the test. The cold finger was chilled
with a dry ice and acetone mixture to trap mercury vapor so it
could not enter the vacuum system and the actuator. A clamp was
placed between the cold finger and the vacuum system to isolate

the manometer from the vacuum system when the manometer had reached
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its maximum detectable pressure drop. The assembly is shown in

Figures 6 and 7.
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8.0 CALIBRATION OF EQUIPMENT

8.1 Thermocouples
All thermocouples were calibrated with the Leeds & Northrup
potentiometer in ice water and in boiling water. Thermocouples
selected for use read within T 1°F of the true temperature and were
used without correction during the tests.
8.2 Multi-Channel Recorder
All six channels used in the two exposure tests were cali-
brated. Calibration was performed by feeding into the recorder a
known signal from the Leeds & Northrup millivolt potentiometer and
measuring the resulting output signal. Tables 8 and 17 show for the
respective exposure tests the parameters measured, the channels used,
and the calibration factor per centimeter of chart traverse,
8.3 Torque Motor
The torque motor in each jet vane actuator was calibrated
before and after its vacuum exposure test. The relationship between
the input current and the output torque was determined. The calibration
was performed by suspending several individual dead weights from the
torque motor shaft and then applying the minimum voltage to the motor
to enable it to just lift each weight. The weights were suspended from
a fine cord which was wound around a small drum on the torque motor
shaft. The current required to lift each weight was measured. Figure
13 shows the calibration set-up. Calibration data are listed in

Tables 7 and 16 and are plotted in Figures 14 and 15.



8.4 Vacuum Tube Voltmeter
Both the voltage and resistance scales of the RCA vacuum
tube voltmeter were calibrated. The voltage scale was calibrated
over the range from 0 to 45.0 volts with a laboratory standard
voltmeter. The resistance scale was calibrated over the range from

0 to 30K ohms with 1% precision resistors.
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9.0 PROCEDURE FOR DATA TAKING
9.1 Jet Vane Actuator Data
9.1.1 Calibrate the torque motor as described in Section 8.3

9.1.2 Calibrate the Schwarzer recorder as described in
Section 8.2

9.1.3 Calibrate the Leeds & Northrup potentiometer as
described in Section 8.1

9.1.4 Operate the jet vane actuator and record data on
the Schwarzer recorder and the Leeds & Northrup
potentiometer,

9.2 Ball Bearing Data

9.2.1 Place the static bearing on the mounting shaft and
install the pre-load disc. See Figures 2, 3, and 7.

9.2.2 Measure the torque necessary to rotate pre-load disc
before and after vacuum exposure.

9.3 Potentiometer Data

9.3.1 Calibrate the RCA Vacuum Tube Voltmeter as described
in Section 8.4,

9.3.2 Measure the resistance across the total resistor.
See Figure 16.

9.3.3 Measure the resistance across the center tap and each
end of the total resistor. See Figure 16.

9.3.4 Hook up the D.C. batteries across the total resistor.
See Figure 16,

9.3.5 Measure the voltage drop across the total resistor.
See Figure 16,

9.3.6 Measure the voltage drop across the center tap and
each end of the total resistor. See Figure 16,

9.4 Vacuum System Data
9.4.1 Check the zero point on all vacuum gauges.
9.4.2 Set the emission current for all ionization gauges,

9.4.3 Record the pressure of the main chamber and of each
pumping station.
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10.0 TEST PROCEDURE

10.1 Pre-Vacuum Operation

10.

2

10.1.1

Operate the jet vane actuator in the received condition.

10.1.2 Condition the potentiometer for 8 hours at 70°%, put

10.1.3

10.1.4
10.1.5

10.1.6

10.1.7

10.1.8

it in a desiccator for 8 hours and then record data
as described in Section 9.3.

Install the jet vane actuator, the static bearing and
the static potentiometer on the the test fixture.

Connect and check out all the electrical circuits.
Calibrate the torque motor as described in Section 8.3.

Calibrate all readout equipment as described in
Section 8.0.

Operate the jet vane actuator at ambient room
conditions and atmospheric pressure. Record data as

described in Section 9.1.4.

Record potentiometer data as described in Section 9.3.

Ultrahigh Vacuum Operation

10.2.1

10.2.2

10.2.3

10.2.4

10.2.5

Pump down the vacuum system after checking operation
of all equipment,

Start an 8-hour bakeout Zf the system when the chamber
pressure reaches the 107 torr range. Hold the
temperature of the jet vane actuator case and the
static potentiometer below 1900F during the bakeout.

Pump the chamber down to 1.0 x 10-8 torr and hold
the pressure at or below this value for 8 days.
Do not operate the jet vane actuator during this
entire period,

Record the system data, vacuum and potentiometer data
every 4 hours,

Calibrate the Schwarzer recorder, as described in
Section 8.2, just before start of jet vane actuator
operation,



10.3

10.4

10.5

10.2.6

10.2.7

10.2.8

Vacuum

10.3.1

10.3.2

10.3.3

Record the vacuum system data and the potentiometer
data just before the start of jet vane actuator
operation,

Operate jet vane actuator at the conclusion of the

8-day vacuum exposure period., Continue this operation

until a definite deterioration pattern in the recorded
signals is established. If the recorded signal
patterns do not change radically from those obtained
during pre-vacuum operation, operate unit for a total
period of 24 hours.

Record the vacuum system data and the potentiometer
data at the conclusion of the jet vane actuator
operation,

Operation During Venting

Let the system pressure rise slowly by a controlled
shutdown procedure. Maintain liquid nitrogen in

the pumping manifold trap.

Operate the get vane actuator at each pressure decade
from the 10-7 torr range to atmospheric pressure, if

possible, and record data.

Record the potentiometer data at atmospheric pressure,

Post Vacuum Operation

10.4.1

10.4.2

10.4.3

10.4.4

Operate the jet vane actuator at atmospheric pressure
and record data,

Remove the jet vane actuator, the static bearing, and
the static potentiometer from the test fixture and
examine them for any vacuum effects,

Re-condition the static potentiometer at 700C for

8 hours, place it in a desiccator for 8 hours, and
then record data as described in Section 9.3 of this
report,

Disassemble jet vane actuator and examine it for any
effects, on either materials or components, due to
operation in vacuum,

Additional Procedure for Test No. 2 Only

10.5.1

Connect the '"U" tube manometer to the system as shown
in Figure 7. ‘



10.5.2

10.5.3

10.5.4

10.5.5

Record the actuator case pressure, as indicated by
the manometer, at intervals during the initial
pumpdown,

Isolate the manometer from the system by clamping
it off when the actuator case pressure drops below
2 millimeters,

During venting of the system with dry nitrogen, release
the clamp in the manometer line at a system pressure
of approximately 10 torr.

Record the actuator case pressure at intervals as
the system pressure increases from 10 torr to 700 torr.
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1.0 EXAMINATION OF THE MARKITE POTENTIOMETERS USED IN
THE VACUUM TESTS OF TWO AEROFLEX JET VANE ACTUATORS

1.1 Examination at National Research Corporation

The potentiometers consisted of discs of a black non-metal-
lic material of unknown composition. They were about two inches in
diameter and 1/4 inch thick and had two concentric raised ridges on
one side. One of these ridges was about 5/8 inches in diameter and
the other about 1 1/2 inches in diameter. One of the discs is shown
in the photograph of Fig. 2, Appendix C. Four small cylindrical
metal contacts ('wipers'") slide on these ridges ('"'tracks') as the
actuator turns; two on the inside track and two on the outside track.
The outer ridge represents the resistance element of the potentio-
meter and has six lead wires attached to it. The inner ridge, has
two lead wires attached to it, and serves primarily as a slip ring.
Fig. 1A shows the geometrical arrangement of the points of lead

wire attachment and the colors of the lead wire insulation.

Four such potentiometers were examined; two of these had
been baked in vacuum and two had been operated in vacuum after baking
as described in the text of this report. The metallic wipers of

those operated in vacuum were also examined.

After examination at magnifications up to 30 diameters,
under a binocular microscope, photomicrographs at 200X were taken
at two spots on each track and at the contact point of each metallic
wiper. The general area represented by each photograph can be as-
certained by reference to Fig. lA. The photomicrographs of each

track and wiper are shown in Figs. 2A through 13A.
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The designation '"Black Side" opposite a photograph signifies
that it represents an area near the middle of the side of the track
to which the black wire is attached, etc. The four wipers lie on a
common line which oscillates about orange and black within the green-

lavender and gray-white limits.

The outside tracks at 200X were very similar in appearance
whether run in vacuum or not. However, at lower magnification under
the binoculars, differences in amount of wear were apparent. All
showed some flattening and some wear debris in the form of brown
powder adhering to the sides of the ridge; but the unit run for 24
hours showed considerably more wear than the one run 1/2 hour even
though electrical noise level was low for a large portion of the

24 hour period whereas noise developed early in the 1/2 hour period.

The inside tracks at 200X proved to be of two different
types. Those run in vacuum appeared to be filled with metallic par-
ticles whereas those not run in vacuum looked just like the outside
tracks. Wear on the metal filled inside rings appeared to be smaller
than that on the outside rings and fewer metal particles are visible
on the worn flat part than on the adjacent round parts of these tracks.
At a few spots it appeared that metal particles had been torn out

leaving pits.

The appearance of the wipers at 200X is perhaps more re-
vealing than that of the tracks. The outside wipers run 24 hours
showed more wear than those run 1/2 hour as would be expected. How-
ever, they are smooth in the direction of motion revealing very few

transverse cracks, scratches, edges or pits.,
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The inside wipers show less wear but are far from smooth
in the direction of motion. They look as if metal transfer had
occurred in both directions in an uneven manner leaving pits and
what looks like smeared on soft metal from the inside tracks. This
condition is quite apparent in the 24 hour test, but the pictures
for the 1/2 hour test are less revealing. It seems probable that
contact was intermittent on the inside tracks due to metallic ad-
hesion and that the electrical noise originated on the inside rather

than on the outside tracks.

The metal particles in the inside ring may be necessary to
obtain the desired resistance but if not, i.e.if the inside ring can
also be used as part of the high resistance circuit, it is recommended
that potentiometers like those not run in vacuum (S/N 100 and S/N 200)
be used, since they appear to have no metal particles in their inside

rings.

Alternatively, it is recommended that a flexible strip or
wire of Cu-Be, bronze, or other suitable metal with low damping
capacity, high conductivity, and fatigue resistance be used instead

of the inside ring and wiper.

1.2 Examination at Markite
The four potentiometers and two wiper assemblies were re-
turned to Markite for visual examination and for comparison of
electrical characteristics with data taken before vacuum testing.
The letter of transmittal from National Research Corporation is
shown as Figure 14A, the letter of reply from Markite Corporation

is shown as Fig. 15A, and the Markite recorder tracings of the eva-

luation tests are shown in Figs. 16A through 21A.
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2.0 EXAMINATION OF THE BARDEN BEARINGS USED IN THE VACUUM TESTS
OF TWO AEROFLEX JET VANE ACTUATORS

The six Barden bearings were returned to the Barden Corporation
for evaluation following the testing program. The letter of trans-
mittal from National Research Corporation is shown as Fig. 22A and

the letter of reply from Barden Corporation is shown as Fig. 23A.
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FIGURE 1A - WIRING SCHEMATIC OF MARKITE POTENTIOMETER



Wiper

FIGURE 2A Actuator No. O1 - Pot. No. 2F79UL - Outside Track
(Orange Side) - ¥200 - Ran in vacuum, 1/2 hour




Wiper

FIGURE 3A Actuator No. O1 - Pot. No. 2FT94L4 - Inside Track
(Red Side) - X200 - Ran in vacuum, 1/2 hour




Track

FIGURE LA Actuator No. Ol - Pot. No. 2F794L - Inside Track
(Yellow Side) - X200 - Ran in vacuum, 1/2 hour
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Track

Wiper

FIGURE 5A Actuator No. O1 - Pot. No. 2F79LL - Qutside Track
(Black Side) - X200 - Ran in vacuum, 1/2 hour




FIGURE 6A

Track

Wiper

Actuator No. 02 - Pot. No. 2F1003 - Outside Track
(Orange Side) - X200 - Ran in vacuum, 24 hours




FIGURE TA
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Track

Actuator No.02 - Pot. No. 2F1003 - Inside Track
(Red Side) - X200 - Ran in vacuum, 24 hours




Track

Wiper

FIGURE 8A Actuator No. 02 - Pot. No. 2F1003 - Inside Track
(Yellow Side) - X200 - Ran in vacuum, 24 hours
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Track

FIGURE 9A

Wiper

Actuator No. 02 - Pot. No. 2F1003 - OQutside Track

(Rlack Side) - X200 - Ran in vacuum, 24 hours




FIGURE 10A
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Outside Track - Pot. No. S/N 100 - X200
in vacuum - Not run in vacuum

Orange
Side

Black
Side

- Baked out




FIGURE 11A
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Red
Side

Yellow
Side

Inside Track - Pot. No. S/N 100 - X200 - Baked in
vacuum - Not run in vacuum




Orange Side

FIGURE 12A
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Black Side

Outside Track - Pot. No. S/N 200 - X200 - Baked in
vacuum - Not run in vacuum




Red Side

~IGURE 13A

Yellow Side

Inside Track - Pot. No. S/N 200 - X200 - Baked in
vacuum - Not run in vacuum
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RESEARCH DIVISION
NATIONAL RESEARCH CORPORATION
70 MEMORIAL DRIVE
CAMBRIDGE 42, MASSACHUSETTS

May 6, 1963

Mr. Hans Wormser
Markite Corporation
155 Waverly Place
New York 1, New York

Dear Sirs

In connsction with your telephone convarsation with Mr. Jolm Hem of NRC
on Mey 2, 1963, I am enclosing four Markite potentiometers and two wiper
assendblies.

These componsnts have been subjected to test in a vacuum environment. The
exposure conditions of each couponent are listed below.

Actuatar, Serial No. 01 (Potentiometer Eo. 2794k and Wiper Fo. 2F794k) was
opereted in air for epproximately 10 minutes and then exposed to & vacuum
bakeout &t 190°F for 8 hours. This was followed by an S8-day soak period at 3 x 109
torr. At the conclusion of the S-day sosk the unit was opersted until a failing
trend vas established. The unit shoved signs of failure after 1 1/2 minutes of
operation. The total vacuum operation time was 30 minutes. Upan cozpletion of
the vecuum test the unit vas returoed to roox conditions where & 5 minute test
v&s performed.

Actuster, Serial No. 02 (Potenticmeter No. 2F1003 and Wiper No. 2F1003) vas
tested under the same conditions as Serial No. 01 except the vacuum test lasted
for 24 hours sod was terminsted bDefore any definite failure pattern could be
established.

Potenticmeters, Berial Nos. 100 and 200, were exposed to the vacuum condie
tions listed above only.

This informeticn should essist you in your eveluation of the effects Que
t0 vacuun exposure and operation of your units. We would appreciate receiving
& letter from you stating your £indings which will then be incorporated in our
report along with qur evaluations. If further information is required, please
feed free to contact Mr. John Bam or me here at NRC.

Very truly yours,

Rosario P. Giammanco

FIGURE 1kA
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MARKITE CORPORATION

MANUFACTURERS OF MARHWE POTENTIOMETERS

TELEPHONE t55 WAVERLY PLACE
OREGON 5-1384 NEW YORK 14, N.Y

June 6, 1963

National Research Corporation
70 Memorial Drive
Cambridge 42, Massachusetts

Attention: Mr. Rosario P. Giammanco

Dear Ross,

in accordance with our conversation, we have
re-evaluated the potentiometer elements which you returned
after completing your vacuum test as reported in your letter
of May 6, 1963. We examined these units visually under a 20
power microscope and tested them in a manner similar to that
which was used in the original test before the units were
shipped to you.

Our visual examination showed no visible effect
of the hard vacuum exposure. Both the resistance and the take-
off tracks were in good condition without any signs of
deterioration. Under our magnification I also could not see
the slight wear-in pattern on the brush block wipers, which you
reported seeing under much larger magnification. As I indicated
on the telephone, a wear-in pattern on these precious metal
wipers is a normal condition of operation, since the initial
contact area is merely the intersection of two lines.

All the elements were electrically continuous and
their contact resistance showed no unusual pattern. Serial
No. 2F7944 showed an increase of 3.5% and 4.2%, respectively, in
the track resistances of the violet and white and the green/white
and gray sides, respectively. The linearity pattern on the
violet and white side was practically the same as it had been
originally, but on the gray and green/white side, the linearity
pattern was somewhat changed and the linearity apparently
increased from 0.36% to 0.54%. The final condition, however,
still is easily within the original specification. The two

FIGURE 15A
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Mr. Rosario P. Giammanco June 6, 1963
-2 -

portions of element No. 2F1003 increased 6.9% and 4.3% in
resistance, respectively. The linearity traces show slight
changes, but again, the potentiometers are within specifica-
tion after the test. The only apparent reason for an increase
in resistance is the pgssibility that these units were less
humid when originally tested than they are now, several weeks
after the vacuum test. We would have expected a resistance
decrease in the actual vacuum test and you may have some data
which confirms or refutes that opinion.

If some condition in the potentiometer caused the
failure in the system test under hard vacuum, it appears that
this condition was transitory and disappeared before the units
were returned to us. To the best of our knowledge and belief,
the units, as tested by us, should perform satisfactorily
against your original specification and we hope that you have
been able to analyze the results of your test in such a way as
to determine definitely the cause of the operating difficulties.

If we can be of any further assistance to you, please
feel free to contact us. At your request we are returning to
you the elements and brush blocks, Serial Nos. 2F1003 and 2F7944
along with copies of the original and re-run data sheets.

Thank you for this opportunity to work with you. We
hope that we have been able to be of some assistance to you.

Sincerely yours,

M

Hans H. Wo er
Chief Project Engineer

HHW/ea
Enclosures

FIGURE 15A (Cont.)
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RESEARCH DIVISION
NATIONAL RESEARCH CORPORATION
70 MEMORIAL DRIVE
CAMBRIDGE 42, MASSACHUSETTS

May 6, 1963

Mr. J. J. Rilay
Bardan Corporation
200 Paxk Avenue
Dantury, Connecticut

Dear 8ir:

In connection with your telsphone conversation with Mr, Jobn Ham of NRC
on Mey 2, 1963, I em forvarding 6 Bertem No. SFR3IBSSX112XS Bearings, Nos. 1
through 6.

Bearings Mo. 1 and No. 2 vere part of Actuator Assembly Serial No. Ol
which was opersted at room comditions for spproximately 10 mirutes and then
exposed to a vacuum bakecut at 190°F for 8 hours. This vas followed by an
8-day sosk period at 3 x 10™7 torr. At the conclusion of the S-day soak period
the unit wes operated for approximately 30 minutes. The unit was then returned
to rocm conditions and & 5 minute test wes performed.

Bearings No. 3 and No. & were part of Actuator Assembly S:rial No. 02 vhich

vere exposed to the same conditicns as sbove except the vacuum test was for 25
hours.

Bearings, No. 5 and NHo. 6 were staticelly pre-loaded and exposed to the
vacuum conditions listed above. There was no operation performed on these
bearings.

This information should assist you in your evaluation of the effects due to
vacuun exposure and operstion of your bearings. We would appreciate receiving
& lestter from you stating your findings which will then bs incorporsted into

our report along with cur evaluations. If further information is required, please
fosl free to contact either Mr. John Ham or me here at MRC.

Very truly yours,

Rosario P. (iammanco
RPG: jme

¢y

FIGURE 22A
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THE BARDEN CORPORAT ION. <3> BARDEN PRECISION BALL BEARINGS

DANBURY, CONNECTICUT. TELEPHONE: PIONEER 8-9201. TWX: DANB 43

June 20, 1963

Mr. Rosario P, Giammanco
National Research Corporation

70 Memorial Drive
Cambridge 42, Mass,

Dear Mr, Giammanco:

Here is our report on the bearings returned with your letter of

May 6, 1963:

Bearing No, 1 -

Bearing No, 2 -

Bearings -
Nos., 3 and 4

Bearings -
Nos. 5 and 6

)

The inner ring of this bearing had multiple
brinell marks as a result of excess static

or impact thrust load. The inner and outer
races showed only very slight indications

that this bearing had been run. These indi-
cations consisted of very light, uneven de-
posits of the Bartemp retainer material in

the raceway running area, This deposit is
considered normal for this type of bearing

and provides the necessary lubricant film
between balls and races. The balls were clean
with no deposit and the retainer had no visible
wear,

Similar to Bearing No, 1, with the exception
that there were no brinell marks.

Slightly heavier deposit of lubricating film
on inner and outer races, but otherwise similar
to Bearings Nos. 1 and 2,

'

In "as new'" condition,

It is apparent that the vacuum applied to these bearings did not
have an appreciable harmful effect and, in general, the bearings appear
as we would expect them to had they been run without exposure to vacuum.

The bearings are being returned to your attention under separate

cover,

LWMcK:em

Very truly yours,
THE BARDEN CORPORATION &5

- _A" ,4 %
L., W, McKee ﬁ7’<:;~

Chief Product Engineer
FIGURE 23A
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Potentiometer Voltage

% of Total Voltage

‘ (volts)
M-P N-P Y-Z R-Z M-N M-P N-P YR Y-Z R-Z M-P N-P  Y-Z R-Z
s, s4 54 54 49.2 24.0 24.6 L49.2 24.9 23.9 b9 50 51 kg
51 51 53 53 49.5 244 24,8 L49.5 25.0 24.1 49 50 51 kg
NO POTENTIOMETER DATA TAKEN DURING BAKEOUT
54 55 55 54 k9.1 23.9 24.8 48.9 24.7 24.0 e 51 51 Lg
54 55 58 54 49.0 23.9 24.6 148.8 24.7 23.8 49 50 51 L9
55 58 58 55 4b9.0 24.1 24.6 48.8 25.0 23.8 Ly 50 52 kg
55 58 58 54  L4g.o 2k.1 24.6 L49.0 2h.9  23.9 b9 50 51 k49 ' 7
55 58 58 53 4bg.0 24.0 24.6 49.0 24.7 23.8 4o 50 51 4g
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System Temperature Potentiometer Resistance
Pressure (°F) (1000 ohms)

Date/Time Remarks (torr) Act. Pot. M-N M-P N-P Y-R Y-Z R-Z
3/17/63

1700 Read and Outgas 1.7 x 1077 L5 45 19.0 10.5 11.0 19.0 10.8 10.2
2100 Read and Outgas 1.6 x1072 45 45 19.0 10.5 11.0 19.0 10.9 10.2
3/18/63 -9

0100 Read and Outgas 1.6 x 10 L5 45 19.0 10.2 10.8 19.0 10.8 10.1
0500 Read and Outgas 1.7 % 1077 45 45 19.0 10.2 10.8 19.0 10.8 10.1
0900 Read and Outgas 1.6 x 1077 45 4 19.0 10.4 10.8 19.0 10.8 10.5
1300 Read and Qutgas 4.0 x 10'9 L5 45 19.0 10.2 11.0 19.0 10.8 10.5
1700 Read and Outgas 1.5 x 10=9 45 45 19.0 10.0 10.5 19.0 10.8 10.2
2100 Read and Outgas 1.3 x 1077 L5 4  19.0 10.0 11.0 19.0 11.0 10.5
3/19/63 9

0100 Read and Qutgas 1.4 x 10 45 45 19.0 10.1 10.5 18.5 10.0 10.0
0500 Read and Outgas 1.3 x 1077 s 45 19.0 10.2 10.5 19.0 10.2 10.2
0900 Read and Outgas 1.6 x 10-9 45 45 19.0 10.5 10.5 19.0 10.5 10.5
1300 Read and Outgas 1.5 x 1072 45 45 19.0 10.2 10.3 19.0 10.2 10.3
1700 Read and Outgas 1.2 x 10'9 45 Ly  19.0 10.2 10.1 18.8 10.2 10.1
2100 Read and Outgas 1.4 x 10’9 45 45  19.0 10.2 10.2 19.0 10.2 10.2
3/20/63 -

0100 Read and Outgas 1.3 x 10 L5 45 19.2 10.2 10.2 19.5 10.2 10.2
0500 Read and Outgas 1.2 x 1077 L5 45 19.0 10.2 10.2 19.0 10.2 10.2
0900 Read and Outgas 1.2 x 1077 L5 4y  19.0 10.2 10.2 19.0 10.2 10.2
1300 Read and Outgas , 1.3x 1077 43 L4 18.8 10.1 10.2 18.8 10.1 10.2
1700 Read and Outgas 2.0 x 1072 43 43 19.0 10.5 10.2 19.0 10.5 10.1
2100 Read and Outgas 1.2 x 10-9 43 43 19.0 10.5 10.1 19.0 10.4 10.2
3/21/63 -9

0100 Read and Outgas 1.1 x 10 L3 43  19.0 10.2 10.2 18.8 10.5 10.5
0500 Read and Outgas 1.1 x 1077 43 43 19.0 10.3 10.3 19.0 10.k 10.3
0900 Read and Outgas 1.3 x 1077 43 43  19.0 10.2 10.3 18.8 10.4 10.2
1300 Read and Outgas 1.6 x 1072 43 43  19.0 10.2 10.3 18.8 10.3 10.2

95
L




% of Total Resistance
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Potentiometer Voltage

% of Total Voltage

|

(volts)

M-P_ N-P ¥-Z R-Z M-N M-P N-P  Y-R ¥-Z R-2Z M-P  N-P Y-Z R-Z
55 58 57 54 hg.0 24.3 244k U48.8 24.6 24.1 kg 50 51 50
55 58 58 54 4.0 24,2 244 48.9 24.6 24.0 4g 50 51 50
54 57 57 53 49.0 2.5 24.3 48.8 24.6 24.0 kg 50 51 50

sk 57 57 53 48.2 23.5 24.3 u48.3 24.2 23.8 49 50 50 kg

55 57 57 55  48.2 240 240 482 242 23.8 b9 50 50 kg

{ 54 58 57 55 48.0 23.8 24.0 U8.0 24,2 23.5 L9 50 50 kg
53 55 57 5k u8.2 23,8 24.2 48,2 24,3 23.6 kg 50 50 Lg
53 58 58 55 48.0 23.5 24.6 L48.0 24,8 23.4 kg 51 51 Lg
53 55 53 53 k8.2 23.5 24.5 48.3 2k.5 23.5 Lg 51 51 Lg

| 5k 55 54 54 48.0 23.5 24.5 U4B.1 24.3 23.6 L9 51 51 Lg
55 55 54 55 48.0 23,9 24.0 u48.0 24.3 23.4 kg 50 51 Lg
5L sh sk sk 47.5 23,2 23.8 L47.4 23.8 22.9 b9 50 50 Ly

5% 53 53 53 k1.5 23,2 23.7 U7.5 23.7 22.9 b9 50 50 kg

- 5k 54 54 54 k7.6 23.3 24.5 47.6 23.8 24.0 L9 51 50 49
54 sk sk 5k 48.2  23.4 2k.h  UB.2 245 23.3 b9 50 51 k49
5k 54 54 54 48.2 23.3 24.5 48,2 24k 23.4 kg 51 50 L9
5L sk sk 5L 4b9.9 23.4 240 47.9 2h.2 23.2 b9 50 51 k9
53 54 53 5l k7.9 23.4 24,0 L47.8 2k.2 23.3 L9 50 51 kg
55 54 55 53 4.0 23,5 23.9 u.0 242 23.3 b9 50 51 k49
55 53 5k 5k 47.8 23,6 23.5 L48.0 241 23.3 b9 b9 51 k49
s 54 55 55 48.0 23.8 24.0 48.0 242 23.6 b9 50 51 k9
sh sk 5k 5L 48.2  23.4 242 L8.2 2L.2 23.5 b9 50 51 b9
5k S5k Sk 5k 47.8 23.4 23.8 L47.8 24.1 23.3 Lo 50 51 k9
5l 5k 54 5k k7.9 23.5 23.9 47.8 24,1 23.3 L9 50 51 Y]

S
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System Temperature Potentiometer Resistance
Pressure (°F) (ohms)

Date/Time Remarks (torr) Act. Pot. M-N M-P N-P Y-R Y Z R-2Z
3/21/63 9

1700 Read and Outgas 1.2 x 10 43 43  19.0 10.3 10.4 19.0 10.2 10.
2100 Read and Outgas 1.3 x 1072 43 43 19.0 10.2 10.5 19.0 10.3 10.2
3/22/63 -9

0100 Read and Outgas 1.2 x 10 43 43 19.0 10.2 10.4 19.0 10.3 10.3
0500 Read and Outgas 1.2 x 10'9 43 43 19.0 10.3 10.3 19.0 10.2 10.3
0900 Read and Outgas 1.4 x 1o_9 43 43 19.0 10.3 10.3 19.0 10.3 10.2
1300 Read and Outgas 1.k x 1072 43 43 18.8 10.2 10.3 19.0 10.3 10.2
1700 Read and Outgas 1.2 x 1072 43 43  18.9 10.1 10.4 19.0 10.5 10.2
2100 Read and Outgas 1.3 x 1077 43 43 19.0 10.2 10.5 19.1 10.5 10.2
3/23/63 9

0100 Read and Outgas 1.1 x 10 43 43  19.0 10.3 10.6 19.0 10.5 10.2
0500 Read and Outgas 1.1 x 10—9 43 43  19.0 10.2 10.6 19.0 10.5 10.2
0900 Read and Outgas 1.h x 10-9 43 43  19.1 10.0 10.1 18.6 10.2 10.0
1300 Read and Outgas 1.3x10°7 43 43 19.0 10.2 10.3 18.9 10.2 10.0
1700 Read and Qutgas 1.2 x 10-9 L3 43 19.0 10.2 10.4 19.0 10.4 10.1
2100 Read and Outgas 1.2 x 10'9 Ly 43 19.0 10.2 10.3 18.8 10.3 10.1
3/2k/63 -9

0100 Read and Qutgas 1.1 x 10 43 43  19.0 10.3 10.% 18.9 10.2 10.1
0500 Read and Outgas 1.1 x 1077 43 43 18.9 10.2 10.5 18.8 10.2 10.0
0900 Read and Outgas 1.3 x 10'9 43 43 19.0 10.0 10.2 18.2 10.1 10.0
1300 Read and Outgas 1.3 x 10'9 43 43 19.0 10.1 10.2 18.4 10.0 10.0
1700 Read and Outgas 1.2 x 1077 43 43 19.0 10.2 10.3 19.0 10.3 10.2
2100 Read and Outgas 1.3x1072 43 43 19.0 10.3 10.3 19.0 10.2 10.
3/25/63 -9

0100 Read and Outgas 1.1 x 10 43 43 19.0 10.2 10.3 19.0 10.2 10.
0500 Read and Outgas 1.1 x 1077 43 43 19.0 10.2 10.3 19.0 10.3 10.
0900 Read and Outgas 1.2x10°0 43 43 19.0 10.2 10.3 19.0 10.3 10.

27




% of Total Resistance
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Potentiometer Voltage

% of Total Voltage

(volts)

M-P  N-P  Y-Z R-Z M-N M-P  N-P Y-R Y-Z R-Z M-P N-P Y Z R-Z
5k 54 5k 5k 48.1 23.0 24,1 48.1 24.3 23.2 Lg 50 51 Lo
54 55 54 5k 8.1 23.5 24.0 4B8.0 24.2 23.3 b 50 51 k9

5k sh 54k 5k 48.0 23.5 24.2 L48.2 24.1 23.5 49 ,50 50 k9
54  s4 54 sk 48.1 23.5 24,1 48.1 2h.1 23.5 b9 50 50 kg
54 54 54 5k k7.5 23.2 23.7 47.2 23.9 23.0 kg 50 51 kg
54 54 54 5k k7.5 23.3 23.6 U47.3 23.9 23.1 Lg 50 51 hg

- 53 54 55 5k 7.7 23.9 24.1 47.4% 23.9 23.2 4g 50 51 g

- 5L 55 55 54 k7.8 23.7 24.0 47.7 24.0 23.3 49 50 51 4o

54 55 55 5 47.6 23.6 24,3 47.7 23.9 23.2 49 50 50 kg

| 5h 55 55 5k 7.7 23.7 2k.2 k7.6 23.9 23.2 kg 50 51 L9
53 53 5k 53 4b7.7 23.9 23.9 L47.6 23.9 23.8 L9 50 o1 49
s4 54 sk 53 47.8 24,0 23.8 L8.2 23.9 23.8 b9 50 k9 L9
54 54 5k 53 - 47.9 23.4 24k k7.9 2k.0 23.3 kg 50 50 kg
Sk 54 5k 53 k7.9 23.4 240 L47.9 241 23.2 kg 50 51 49
54 5k 5k 53 47.8 23.6 24.3 k7.9 24.0 23.3 L9 50 50 kg
54 55 54 53 47.8 23.5 24.5 L48.3 23.7 23.3 hg 50 kg Lo
53 Sk 53 53 48.0 23.5 2k.h 47.8 24.0 23.7 Y] 50 51 4g
53 5k 53 53 48.0 23.5 24.5 47.8 240 23.6 o) 50 51 kg
54 54 54 54 k7.9  23.4 240 U7.9 2h.1 23.2 b9 50 51 k9
sk 54 sk 5k 47.9 23.5 24.0 47.9 24.1 23.3 L9 50 51 kg
sh 54 sk 5k k7.9 23.5 241 47.8 240 23.3 b9 50 51 k9
54 54 54 5k 47.9 23.4 24,0 A47.9 2kl 23.2 L9 50 51 L9
54 54 54 5k 47.8 23.5 23.9 47.8 2k 23.2 k9 50 51 W9

7§
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System Temperature Potentiometer Resistance
Pressure (°F) (1000 ohms)

Date/Time Remarks (torr) Act. Pot. M-N M-P N-P Y-R Y-Z R-Z
3/25/63 g
0100 Read and Outgas 1.1 x 10 43 43 19.0 10.2 10.3 19.0 10.2 10.2
0500 Read and Outgas 1.1 x lO—9 43 43 19.0 10.2 10.3 19.0 10.3 10.2
0900 Read and Qutgas l.2 x lO_9 L3 43 19.0 10.2 10.3 19.0 10.3 10.2
o9Ls Calibrated Test Equip-

ment

-9

1215 Vacuum Run No. 1 1.3 x 10 43 43

started
1230 Vacuum Run No. 1 1.3 x 1077 43 43

ended
1300 Read and Outgas 1.2 x 10_9 43 43 19.2 10.0 9.9 19.3 10.3 10.2
1400 Vacuum Run No. 2 1.h x 1077 43 43

started
1410 Vacuum Run No. 2 1 x1077

ended
1450 Special Shutdown

procedure started

Testing actuator at

each pressure decade
1520 Atmospheric test, dry 760 45 45 19.0 10.3 10.2 18.8 10.3 10.1

nitrogen
1640 Atmospheric test, Rear Air
1700 Torque and equipment

calibration check
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% of Total Resistance
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Potentiometer Voltage

% of Total Voltage

(volts)

'‘M-P_ N-P Y-Z R-2Z M-N M-P  N-P  Y¥-R Y-Z  R-Z M-P N-P  Y-Z R-Z
5k 54 54 5k 47.9 23.5 241 47.8 24.0 23.3 b9 50 51 kg
5k 54 54 54 k7.9 23.4 240 A47.9 24,1 23.2 49 50 51 kg
54 5k 5l 54 47.8 23.5 23.9 47.8 24.1 23.2 kg 50 51 L9
5 55 55 55 k7.5 23.2 23.8 L7.5 23.8 23.3 b9 50 50 k9
54 54 55 5k k7.8 23.3 23.8 L47.6 24.0 23.2 L9 50 51 L9
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TABLE 3

VACUUM OPERATION, TEST NO. 1,0F

JET VANE ACTUATOR, SERTAL NO. Ol -WITH AMPLIFIER

March 25, 1963, 1215 Hours

NO.

()]
ﬁ
o }
g : =
3 : ;
> © £
5 o & 2
) 24 0} O +
o 5 b 23
g~ [0} S o} o >
6w £ O~ 0
& g a 8 5 G 5
g m oo ® d o 0 g A
= £ 0 5 © O~ g g
B w e~ e N £~ Q e
O ou o A & = &
g P 0 S o9 ¥ 0 — e
3 8 e 23 o 5o I S E &
Q © S > > T I = o= )
=E 5 g~ 3 2, I3 5 0
= & A AR 7 < & &
0 100 Cycle Noise On  +0.2 0.0 3x 1077 43 +3.0 0.0
Torgue Current Signal -
1.0 Torque Current Noise +0.6 +0.3 .3 x lO—9 43 +5.0 3.0
Increasing
1.5 Torque Current Noise +1.2 +0.5 .3 x 1077 43 +6.0 5.0
Still Increasing - -
2.0 Torque Current Noise +3.0 +1.1 3 x 1077 43 +5.2 6.0
Still Increasing
3.0 Telemetry Potentiom- +3.0 +1.1 Aox 10_9 43 S 12.0
eter Noise Increas- - o
ing 5
- v
4.0 Telemetry Potentiom- +3.0 +1.1 4ox 10 2 L3 = 30.0
eter Noise Still rg
Increasing 8 g
9 5 S
L7 Servo Potentiometer +3.9 il.h .5 x 10 43 b R 3.5
Noise Appearing = g
-9 B0
5.0 Telemetry Potentiom- +3.9 +1.4 .7 x 10 43 o= 3.0
eter Noise Decreasing g
-9
6.0 Telemetry Potentiom- +4.0 +1.4 .6 x 10 43 g 22.0
eter Noise Increasing g
8 &
6.3 Pressure Burst +4.0 +1.4 .0 x 10 43 30.0

/0l
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TABLE 3 (continued)

B
:
[0) =
=3 © -8"\
: R E
Q 2 ) 0 —
. - : 3t
£ ) &= 5~ =
o+ 5 S 0
o © A = Q o ©
) £0 @ @~ 4 o
8__ d g > 0 G = o a A
i 2 O~ O Do 2 - ~
) e 5 N g 2 P
Q£ ® S o ¥ 0 =4 3
03 X — g 0 o v E O
u g & + 0 0 Qv o S ~— g
Qo © S > I N 3 o @)
L : ST B -
= i A & % < = &
7.0 Servo Potentiom- +4.0 +1.5 2.0 x 1077 43 15.0
eter Noise Increasing
_9 (o)
8.0 Servo Potentiom- +4.0 +1.5 2.2 x 10 L3 = 15.0
eter Noise Increasing §
9.0 Servo Potentiometer +4.0 +1.5 2.4 x 1077 43 3 10.0
Noise Decreasing g
-9 3
10.0 Servo & Telemetry +4.0 +1.5 2.0 x 10 43 g 22.0
Potentiometer Noise o
Increasing 2 E
- +©
11.0 Servo Potentiometer +4.0 +1.5 2.0 x 1077 Ly g3 30.0
Erratic-- Telemetry 50
Potentiometer Noise Up 8 =
-9 0
12.0 " +4.0 +1.5 1.3 x 10 Lk =3 30.0
- - £
o
13.0 n +4.0  #1.5 1.4 x 107 B £ 30.0
-9
13.75 End of Run Servo +4.0 +#.5 1.3x10 Ly 30.0

Potentiometer Still
Erratic

f02
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TABLE 4
VACUUM OPERATION,TEST NO. 2,0F JET VANE ACTUATOR

SERIAL NO. O1 WITH AMPLIFIER NO. 1
March 25, 1963, 1400 Hours

[0
a
o .
1 o 2
L &
— 2 &
g : b
" v I g
8 B p E:
o~ g & PO
g u o) = g 5
. CE e ow 23
g % ﬁ g % %?* o % [V
e P~ O ~ ) O~ L =]
B —~ ~ W0 + = o~ QO >y ~—
@ o+ o IS 9 S g
o ) ) > al) ~ O —~ +
v L X [e] g O + O Q
n - [ £ > o o P «© %ji 5
B g g 8 g B 2 o ~
2E i 5 & & < = &
0 40.15 0.0 1.4 x 107 43 + 1.5 0.0
-9
1.0 Torque Current Signal +4.0 +1.4 1.4 x 10 43 +15.0 6.0
100 Cycle Noise De-
creased
2.0 Torque Current Signal +4.0 sk 2.0x107 43 --- 15.0
Increased
-9
3.0 Servo Potentiometer  +4.0 +1.4 2.8 x 10 43 -— 8.0
Noise Appearing
3.5 Pressure Burst +4.0 +1.4 3.0 x 10_8 43 - 10.0
4.0 Servo Potentiometer  +4.0 +1.4 2.2 x lO-9 Ly -—- 30.0
Signal Very Erratic,
Telemetry Potentiom-
eter Signal Also
Erratic
' -9
5.0 " +4.0 +L.L 2.2 x10 Lk --- 8.0
6.0 " 40 41k 2.0 x 107 B 8.0
7.0 #.0 4k 22x107 W - 3.0
8.0 n +4.0 +1.4 2.2 x 107 ik --- 75.0
9.0 " +4.0 414 2.2 x 107 L --- 20.0

10.0 End of Test Run +7.0 +1.4 2.3 x 1077 L5 +45 30.0

/CE



VINTING OPERATION TEST OF JET VANE ACTUATOR
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TABLE 5

SERTAL NO. 01 WITH AMPLIFIER NO. 1

March 25, 1963, 1450 Hours

)]
A
0 .
9 . 2
pat 5 h
0 5 0
S © )
&~ + Q
9 0 o £ 0
0 ot 0 3 +
¥ £ £ o
O~ [0 M + 0
g n [ E 3~ o P
()] o ] [ IL] L
£ Q A 3 Q -~ I g
i 0] £ 0 2] 0 &y LIRS o
B~ o o 5 ) © o o ® A o
o) P~ O ~— ] O~ L =}
o o —~ w + o~ Q i >~
S o o+ o o & = - g
- s ] > - Ay &~ Q o +
L g e 0 g Q P v g v
© o 5 FES o o P o 3= £
o B © [ N > o = ot [1)]
L~ = 2y g 3 2 5 —
& & i & & S = &
1 Servo Potentiometer +2.4 +0.8 7.0 x lO-9 45 o 3.0
Voltage Noisy 3
1 " 24 0.8 5.0x107 45 3 5.0
o
- ks
1 " +2.4 0.8 5.0 x 1077 Il ® o 30.0
aagy
1 " 2.4 4.8 5.0 x 10°° b A 6.0
=0
- n
1 Actuator Zero +2.4 40.8 4.0 x 1077 L3 3 6.0
Position Shifted - - =
1 Adjusted Amplifier +1.1 0.3 —-- 43 el 5.0
Balance Potentiometer
3 Servo Potentiometer — +3.1 +1.1 T60 43 10.0

Voltage Clearing Up

Jost
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TABLE 6
OF JET VANE ACTUATOR
March 25, 1963, 1640 Hours

POST VACUUM ATOSPHERIC TEST
SERIAL NO. Ol WITH AMPLIFIER NO. 1

(SITOATTTTW)
9STON JI913WOTIUS830J AI15WST3]

3.5

0.5
4.0

AmQEMHHHﬂEv T3A9] 9STION
quaIIn) JI0YO0W anbaog 01 ong oTgBpPBdd 3ON TBUITIS

(d,) ISR S <)
aanjeaadws], 9sB) JI03B8NOY

Ahhopv
aanssaag wayskg

760
760
760

(sqTOA) - = A
288]TOA JI1233WOTAUS204d OAISS 4 .ﬂ_ o)
@ © Q
(s3T1OA) S ™
a8eqToA Andul TR IRY
SYIBWSY £sTON Axap quaxan) anbaof,
(sa3nutu) o
—~

aurt, posdetd O
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TABIE 7
CALIBRATION OF JET VANE ACTUATOR

SERIAL NO. 01 WITH AMPLIFIER NO. 1 (Torgue Vs Current)

Current
(milliamps)
Counter
Date Remarks Weight Torque Clockwise Clockwise
(grams) (oz-1in)
3/15/63 Before 10 0.09 .1 .1
Vacuum
Exposure 20 0.18 7.3 7.3
50 0.4h4 15.5 15.0
100 0.89 30.0 30.0
150 1.33 2.5 42,5
200 1.78 56.0 56.0
250 2.22 T70.0 70.0
300 2.66 83.0 *
3/25/63 After 50 0.kk 14.0 12.0
Vacuum
Exposure 100 0.89 26.5 23.0
200 1.78 49.0 46,0
*Torque motor stalls with > 2.20 oz.-in. °F -- Torque in Counter Clockwise direction.



- D-8 -

TABIE 8

CALIBRATION FACTORS OF MULTI-CHANNEL RECORDER

FOR JET VANE ACTUATOR, SERIAL NO. Ol WITH AMPLIFIER NO. 1

Recorder
Channel Parameter Measured Calibration Factor
1 Input Voltage 3 volts/cm
2 Servo Potentiometer Output Voltage 3 volts/cm
3 Vacuum System Pressure L millivolts/cm on —%— scale
L Actuator Case Temperature 2 millivolts/cm on -%— scale
Torque Current 15 milliamps/cm
6 Telemetry Potentiometer Noise 30 millivolts/cm

/&7



PRE-VACUUM ATMOSPHERIC TEST NO. 1 OF

JET VANE ACTUATOR, SERIAL NO. 02 WITH AMPLIFIER NO. L
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TABLE 9

[
)
© @
0 d
3 2 >
: ~ :
> P~ *"
. 2 2 E 5
o 0= 0 Sa
3 w0 [ '~ 0
D — P S [ +
< o o 3~ g
3 o O —~ o D w Q O
1) = 2 o = 82
© 0 P 0 O w IS =] O ~—
£ g 5 e - B
EH 34 s £ S 2 0 e
. @ 2 H ¥ + & = v
o3 e, o v g 0 o E v
@ g F £ > o & 8y o g
Qo o S > v B & 9
5 - 3 ; : ] : 3
= & H & & @ & 3
April 5, 1963 1545 Hours
0 Telemetry Potentiom- +2.7 0.9 0.0 760 + 9.0 0.8
eter Noise Slightly
Erratic
1.0 " +2.7 +1.0 1.5 760 +14.0 0.8
5.0 " ie"'? +]_,,O 3.8 760 ilS'O io‘8
3.0 " +3.5 41.2 6.4 760 +16.5  +1.0
k.0 " +3.0 +1.1 4.5 760 +16.5 +1.0
5.0 " i3'o il.l 3.8 760 il6.5 il-o
6.0 " i3‘o il.l 3-8 760 ilY'Ll' il'o
April 8, 1963, 1645 Hours
0 " i3.o il-l 0.0 760 ilo's ..-tl'o
1.0 " +3.0 +1.1 6.0 760 5.0  *1.0
5.0 " +3.0 +1.1 6.0 760 +16.5  *1.0
3.0 " +3.0 +1.1 6.2 760 +16.5  #1.0
4.0 n +3.0 +1.1 6.0 760 #16.5  $1.0

168
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9 (continued)

@
&0 o 3
3 = 2
+
—~ &~ &
> 5 2
+ [0}
3 § 5 g g
5 58 : B
g 0 o 0] ; '§13
o + O & O~ L L
2 g el 5 2 2 5 B
g~ o o b o E w 5 & £
o~ 0 2~ O ~ ~ — >
EH o —~ 0 el >y 2 &~ g ﬂ h\J
oy . CE- A 3 5 =4 3
[T =} X o] o) 2 [} ﬂ g
0 A [ L > 0 = O~ 3 8 g
8 o] 3~ > ) L Ol
G = g &, & 3 t ¥ et
— Q [=} 0] > (o] )
= n H 45} é‘-)i [4p) = =
April 8, 1963, 1645 Hours
5.0 Telemetry Potentiom- +3.0 +1.1 6.0 760 +16.5 +1.0
eter Noise Slightly
Brratic
6.0 " +3.0 +1.1 5.8 760 +16.5 4+1.0
7.0 " +3.0 +1.1 5.6 760 +16.5 1.0
8.0 " +3.0 +1.1 5.8 760 +16.5 +1.0
9.0 " +3.0 +1.1 5.8 760 ¥16.0  +1.0
10.0 " +3.0 +1.1 5.8 760 +16.0 +1.0
11.0 " +3.0 +1.1 5.8 760 +16.0 +1.0
12.0 " +3.0 +1.1 6.0 760 +16.0 +1.0
April 9, 1963, 1335 Hours
0 " +3.75 +1.2 1.5 760 +14.0 +1.1
1.0 " +3.41 £1.1 1.5 760 +14.0 +1.0
2.0 " +4.2 +1.5 8.0 760 +15.0 +1.4
2.5 " +4h.2 +1.5 10.0 760 +15.0 +1.4
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PRE-VACUUM ATMOSPHERIC TEST NO. 2

OF JET VANE ACTUATOR, SERIAL NO. 02 WITH AMPLIFIER NO. 4

- D-10 -

TABLE 10

April 9, 1963, 1400 Hours

U]
T
2 -
)] o~
3 2 S
p " ‘
(®] (0] 0]
> 48/'\ + 40-’.)
& g w =i E~
Q o + 0] O w
b 20 3 JEf
g5 o > [ =~ o O
o u Q A 5 O w v >
ol — P £ 3 foh L~
Q 1] + O n [ = Q
H w — P~ >y~ oo~ Q — >
()] O —~ ] ~ [a P = 1]
5 I >3 o s g 0 o E I
$ o 3 + o) =] 0 P 3~ =]
[T ] ] 3 0 > [0} £~ o' (]
SE 5 B2 2 D S 8 3
[e3] e = 4] = 0 53 [
0 100 Cycle Noise On +1.2 +0.5 6.0 760 +14.0 +0.3
Torque Current
1.0 Transistor Trouble +2.1 +0.8 4.0 760 +16.5 0.6
Replaced Transistor -
To Get Best Signal
2.0 " +2.1 +0.8 2.0 760 +16.5 +0.6
3.0 " +2.1 +0.8 2.0 760 +16.5 +0.6
4.0 " +2.4 +0.8 4.0 T60 +16.5 +0.6
5.0 " +2.4 +0.8 4.0 760 +16.5 +0.6
6.0 " 2.4 +0.8 4.0 760 +15.0 +0.6
7.0 " +1.8 +0.6 3.0 760 +16.0 40.5
8.0 " +1.5 +0.6 7.5 760 +15.0 +0.5
9.0 " +2.1 40.6 3.8 T60 +15.0  40.5
10.0 " *+1.9 +0.6 3.8 760 +15.0 +0.5
11.0 " +1.9 +0.6 7.5 760 +15.0 40.5
12.0 " +1.9 +0.6 7.5 760 +15.0 +0.5
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TABLE 10 (continued)

(s3TON)

o8B1TOA JI9312WOT3U830d AI32WSTY,

(sdwetTTTIW)
quUaJIIN) JOO0N anbaof

AMHOPV
aanssaxg waiysfg

(S3TOATTTTW)
SSTON JI91°WO0T1Us20d AI32WSTIL

(s3T0OA)
o983 TOA J938WOTFU30d OAIIG

(s3TON)
a8eqTOoA Andur

sy IewWay

(sejnutw)
swr, pasdeTd

4.5

+15.0

7.5 760

ip.6

il'9

A1l Circuits Operat-

ing Normal

13.0

+0.5

760 +15.0

75

10.5

+1.6

1t

1k4.0

+0.5

+15.0

T-5 760

+1.7 40.6

End of Test Run

15.0

24
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TABLE 11

LOG OF VACUUM SYSTEM PRESSURE AND OF THE PRESSURE

INSIDE THE JET VANE ACTUATOR CASE (SERIAL NO. 02) -

DURING INITIAL PUMPDOWN AND VENTING PHASES OF EXPOSURE TEST NO. 2

Manometer
Readings Actuator System
Date/Time Remarks Left Right Pressure Pressure
(mm) (mm) (torr) (torr)

4/9/63
1452 Pumpdown Started 458 458 749 749
1453 Read 446 470 725 700
1454 Read 396 520 625 610
1456 Read 361 575 535 530
1500 Read 275 640 384 380
1506 Read 194 720 213 210
1511 Read 152 760 141 140
1515 Read 131 781 99 93
1520 Read 114 798 65 58
1525 Read 91 821 19 13.5
1530 Read 8l 827 6 3.3
1540 Read 82 829 2 9.2 x 103
1550 Closed Manometer 82 829 2 5.2 x 1073

Clamp
k/19/63
1231 Opened Manometer 823 89 16 28

Clamp -- Venting

with Dry Nitrogen
1232 Read 810 105 35 50
1233 Read 765 155 140 180
1234 Read 655 265 360 400
1235 Read 590 330 es) 510
1236 Read 550 370 570 600
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TABIE 11 (continued)

Manometer
Readings Actuator System
Date/Time  Remarks Left Right Pressure Pressure
(mm) (mm) (torr) (torr)
b/19/63
1237 Read 485 435 700 710
1238 Read -- System at 458 458 750 750

atmosphere



TABIE 12
1OG OF PUMPDOWN DATA AND POTENTIOMETER DATA
FOR EXPOSURE TEST No. 2

(JET VANE ACTUATOR, SERIAL NO. 02 POTENTIOMETER, SERIAL NO. 200)
AND PRE-LOADED BEARING

9274



- D-12 -

System Temperature Potentiometer Resistance .
Pressure (°F) (1000 ohms)
Date/Time Remarks (torr) Act. Pot. M-N M-P N-P Y-R Y-Z R-Z
L4/8/63 ,
1700 Read - after condition- 760 75 75 19.0 9.8 10.0 18.9 10.2 10.1
ing of potentiometer
4/9/63 |
1200 Read - after installa- 760 79 79 18.5 10.0 10.1 19.0 10.2 10.
tion of potentiometer 1
1230 Torque and equipment 760 81 81
calibrated ‘
1400 Run Atmospheric Pre- 760 81 81
Vacuum Test . ‘ ‘
1452 Mechanical Pump on 760 82 82
(See Table 11 for
manometer data)
1625 2" Diffusion Pump On 4.5 x 107 8.5 &
1855 . 6" Diffusion Pump On 4.3 x 10'5 73 7+ 17.9 9.5 9.9 18.1 10.1 10.0
1900 Bakeout started, liquid 4.0 x 1077 73 Th
nitrogen to rear trap
2200 Read 1.5 x 107° 158 185 18.1 9.9 10.1 17.9 10.0  9.G
4/10/63
0200 Read 1.0 x 10™2 161 186 18.2 9.9 10.1 18.0 10.1 9.9
-6
0600 Bakeout ended, liquid 9.5 x 10
nitrogen to front trap
-6
0630 Read and Outgas 1.2 x 10
1000 Read and Outgas 1.3 x 10‘8 L7 L4y  19.0 10.0 10.1 18.0 10.1 10.C
1400 Read and Outgas 1.0 x 10'8 45 42 18.5 10.0 10.0 18.0 10.0 10.¢
-9
1800 Read and Outgas 9.6 x 10 45 Y2 18.4 9,7 10.0 18.1 9.8 9.7
2200 Read and Outgas 8.2 x 10'9 L6 42 18.2 9.8 10.0 18.0 9.9 9.¢
L/11/63
0200 Read and Outgas 7.2 x 1077 45 b 18.1 9.8 10.0 18.0 9.9 9.¢
0600 Read and Outgas 6.2 x10°9 4 k2 18.0 9.8 10.0 18.0 9.9 9.¢
" 1000 Read and Outgas 6.3 x 1079 45 k2 18,2 9.8 10.0 17.9 10.0 9.¢
1400 Read and Outgas 7.7 x 1077 b 4 18.5 10.0 10.1 18.0 10.0 9.¢
1800 Read and Outgas 6.6 x 1077 45 L2 18.1 9.7 10.0 18.0 9.8 9.¢




% of Total Resistance

- D-12.1 -

Potentiometer Voltage

% of Total Voltage

(volts)
M-P  N-P Y=-Z R-Z M-N M-P N-P Y¥-R Y-Z R-2 M-P  N-P Y-Z R-Z
52 53 54 53 k7.5 22.9 23.8 k7.4 23.8 23.2 48 50 50 48
53 53 54 53 48,2 23.2 24.5 48,0 24.0 24.0 48 51 50 50
23 a0 ge e )l 23000 20030 hiun o 2h.L 230 b 0 Iy
55 56 56 55 48.2 23.3 24.4 48.1 24.2 23.4 48 51 50 48
55 56 56 55 48.5 23.2 24.6 48.5 24,2 23.5 48 51 50 48
54 54 55 55 L8.4 23.5 24.6 48.3 24.4 23.7 48 51 51 kg
55 55 55 55 48.4 23.5 24.6 48.2 24.4 23.7 48 51 51 Lg
5l 55 54 54 48.2 24.0 24.3 48.5 24.2 23.5 L9 51 50 48
54 55 Sk 54 48.2 23.9 24.1 48.3 2hk.2 23.7 L9 50 51 4o
54 55 54 5l 48.0 23.2 24.2 48.0 24.1 23.5 48 51 50 48
5k 55 5k 5k 47.9 23.1 24.2 k7.9 24,0 23.2 48 51 50 48
54 55 55 5k 47.9 23.2 24,1 48.0 24,1 23.3 8 51 50 L8
55 55 55 54 4y7.9 23.8 24.3 L47.9 24.2 23,5 48 51 51 48
5k 55 5k 54 48.2 23.6 24,3 u48.2 24.3 23.5 48 51 5l W ’/g
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System Temperature Potentiometer Resistance
Date/Time Remarks }()igzs'rs})lre Act ( oFl)Dot . M-N M-P- I%{.%OO ;I_lrlgs) Y-Z R-2Z
4/11/63
2200 Read and Outgas 6.1 x 1077 k5 42 18.0 9.7 10.0 17.9 9.9 9.7
L/12/63 9
0200 Read and Outgas 5.9 x 10 L5 b2 18.1 9.9 10.0 18.1 10.0 9.8
0600 Read and Outgas 5.4:x 1079 45 k2 17.9 9.8 9.9 17.9 9.9 9.8
1000 Read and Outgas 6.2 x107 45 42 18.0 9.9 9.9 18.0 10.0 9.8
1400 Read and Outgas 6.9 x 1077 45 b2 18.2 9.9 9.9 18.0 10.0 9.8
1800 Read and Outgas 5.0 x 1077 L5 b2 18.0 9.8 10.0 17.8 9.9 9.8
2200 Read and Outgas k.9 x102 L4 42 18.1 9.8 10.0 18.0 10.0 9.8
4/13/63 -9
0200 Read and Outgas 4.9 x 10 45 42 18.0 9.8 10.0 17.9 9.9 10.0
0600 Read and Outgas 5.0 x 10'9 45 b2 18.0 9.9 10.0 18.0 10.0 9.9
. 1000 Read and Outgas 5.8x1077 L4 42 18.0 9.9 10.0 18.0 10.0 9.9
1400 Read and Outgas 5.5 x 10'9 45 42 18.0 10.0 10.0 18.0 10.0 10.0
1800 Read and Outgas L.7x 109 45 k2 18.2 9.9 10.0 18.0 10.1 9.9
2200 Read and Outgas 4.8 x 10'9 45 4o 18.2 9.8 10.0 18.0 10.0 9.8
- 4/1k/63
0200 Read and Outgas 45.9x107 L4 L4 18.0 9.9 10.0 17.9 9.9 9.8
0600 Read and Outgas 5.0 x 1077 45 42 18.0 9.8 10.0 17.9 10.0 9.9
1000 Read and Outgas 4.9 x 1077 45 b2 17.9 9.8 9.9 17.9 9.9 9.8
1400 Read and Outgas 46 x10° 45 k2 17.9 9.7 9.9 17.8 9.9 9.7
1800 Read and Outgas 46 x10° 45 k2 17.9 9.8 10.0 17.9 9.9 9.8
- 2200 Read and Outgas 4.5 x 10—9 45 b2 17.9 9.7 10.0 17.8 9.9 9.8
4/15/63 9
0200 Read and Outgas 3.8 x 10 45 L2 18.0 9.8 10.0 18.0 10.0 9.8
- 0600 Read and Outgas 4.1 x 1077 4Ls 42 18.0 9.8 9.9 18.0 9.9 9.8
1000 Read and Outges L.1 x 10-9 45 42 18.3 10.2 10.1 18.2 10.1 10.0
1400 Read and Outgas b2 x 2077 46 k2 18.1 10.1 10.0 18.2 10.0 10.1
. 1800 Read and Outgas 4.0 x 10"9 L7 43 17,9 9.8 9.9 18.0 9.9 9.8
2200 Read and Outgas 4.0x 1077 47 k2 18.1 9.8 9.9 18.2 9.8 9.7




, % of Total Resistance
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Potentiometer Voltage

(volts)

. M-P  N-P_ Y-Z R-Z M-N M-P  N-P_ Y-R Y-Z R-Z
5k 55 5k 5k 48.3 23.5 244 k8.2 2L.3 23.6
5k 55 55 54 48.1 23.2 24.3 L48.0 2k.1 23.3
54 5k 5h4 5k4 48.1 23,2 24.4 48.1 24.1 23.4
54 54 55 54 48.0 23.5 2.4 L48.0 24.2 23.6
54 54 55 5k L8.0 22.3 2k.7 u48.0 24k 23.5
54 55 5k 5L 47,9 23.1 24.9 L47.8 24.0 23.8
54 55 55 54 4y7.9 23.2 24.3 L47.8 24.2 23.5
54 55 54 55 48.2 23.5 24.5 u48.2 24k.2 23.6
5k 55 55 5k 48.1 23.5 24.5 L48.2 24.2 23.5
54 .55 55 5k 48.0 23.3 2k.4 k8.4 24,0 23.5
54 55 55 55 48.2 23.5 24k W84 24,0 23.k4
5k 55 55 5k 48.2 23.3 24.3 L47.8 24.2 23.3
54 55 55 54 48.2 23.4 24.3 L48.0 24.2 23.5
54 55 55 S k8.2 23.4 24.5 L48.2 24.2 23.5
5k 55 55 54 48.2 23.4 24,5 48.2 2h4.2 23.5
54 54 5L 54 48.2 23.3 24.4 L48.1 24.1 23.4
54 54 54 54 k7.9 23.2 24.2 L48.0 24.0 23.3
S5k 54 54 54 47.8 23.1 24.h  L8.2 24.2 23.4
5k 54 5k 5k 47.8 23.1 24.3 L48.1 24.2 23.4
54 55 55 54 48.2 23.2 2k.2 k8.2 24.2 23.5
54 5k 54 5k 48.2 23.2 2k.2 U48.2 24.2 23.5
56 55 55 55 4b7.8 23.5 24.2 L47.8 242 23.4
25 55 25 55 k7.5 23.0 245 L7.5 23.9 23.2
54 54 54 i 47.5 22.9 23.9 L47.6 23.9 23.0
54 54 54 54 4y7.7 23.0 24.1 L47.5 23.9 23.2

% of Total Voltage

M-P  N-P ¥Y-Z R-Z
48 51 51 Lo
L8 51 50 L8
48 51 50 48
L8 51 51 ko
48 52 51 )
48 52 51 L9
48 51 51 49
48 51 51 48
48 51 50 48
L 51 k9 48
B 51 ko 48
L8 51 51 48
48 51 51 48
48 51 51 48
48 51 50 L8
48 51 50 48
48 51 50 48
48 51 50 48
48 51 50 48
48 50 50 48
49 50 50 L8
48 51 50 L48
48 51 50 48

e
48 51 50 L8
48 51 50 48
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System Temperature Potentiometer Resistance
Pressure (°F) (1000 ohms)

Date/Time Remarks (torr) Act. Pot. M-N M-P ©N-P Y-R Y-Z R-Z
L/16/63 9
0200 Read and Outgas 3.9 x 10 L7 b 17.9 9.8 10.0 17.9 9.9 9.8
0600 Read and Outgas 3.9 x 107 47 k2 17.9 9.9 10.0 17.9 9.9 9.9
1000 Read and Outgas 46 x107 48 43 18.0 9.6 10.0 17.8 9.8 9.5
1400 Read and Outgas 5. 7x 1077 48 43 18.0 9.6 10.0 17.7 9.8 9.6
1800 Read and Outgas 4.5 x1077 4 L 17.9 9.8 10.0 17.9 10.0 9.8
2200 Read and Outgas 4.1 x 1072 50 4 17.9 9.8 10.0 17.9 9.9 9.8
4/17/63
0200 Read and Outgas 4.3x10°9 50 43 17.9 9.8 10.0 18.0 10.0 9.8
0600 Read and Outgas bhx10° 50 43 18.0 9.8 9.9 17.9 10.0 9.8
1000 Read and Outgas b4 x 1077 48 42 18.0 9.5 10.0 17.8 10.0 9.5
1400 Read and Outgas 4.4 x 1079 u8 42 18.0 9.6 10.0 17.8 10.0 9.6
1800 Read and Outgas b2 x10°9 48 L4 18.0 9.8 10.0 17.8 10.0 9.8
2200 Read and Outgas 3.9 x 10'9 L8 42 18.0 9.8 10.0 17.8 10.0 9.7
4/18/63 -9
0200 Read and Outgas 4.2 x 10 48 L2 18.0 9.8 10.0 18.0 10.0 9.8
0600 Read and Outgas 3.9 x 1077 48 L4 18.0 9.8 10.0 18.0 10.0 9.8
0915 Instrumentation cali- 4.2 x 1077 L8 L2

brated
1000 Read and Outgas L6 x107 48 L2 18.0 9.8 9.9 18.0 9.9 9.6
1015 Actuator vacuum test 5.6 x 1077 48 Lo

started
1200 Read -- Taking actuator 5.1 x 1072 50 42 18.2 9.6 10.0 18.1 10.0 9.6

data every 5 minutes
1530 Actuator shifted -- 6.3x10° 50 ke

Read justed balance to stop

shift of zero point
1700 Read -- Taking actuator 6.5 X 1079 51 43 18.2 9.8 10.0 18.1 10.0 9.¢

data every 15 minutes
1900 UHV gauge kicking off

due to pressure burst

/19



» % of Total Resistance
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Potentiometer Voltage

% of Total Voltage

. (volts)
"M-P N-P Y-Z R-Z M-N M-P N-P Y-R Y-Z R-Z M-P N-P Y-Z R-Z
L
54 54 54 54 48.1 23.2 24.2 48.1 24.2 23.3 48 51 50 48
54 54 5k 54 48.1 23.2 24k.2 L48.1 24.1 23.2 48 51 50 48
53 5l 5k 53 7.7 23.0 24.2 L47.6 23.9 23.3 48 51 50 48
53 5k 5k 53 4h7.8 23.1 24.1 L47.8 23.8 23.2 48 51 50 48
54 55 55 5k 4L8.0 23.0 24.2 L48.0 24.0 23.3 48 51 50 48
54 54 54 54 48,0 23.1 24.2 L48.0 23.9 23.3 48 50 50 48
5k 55 55 5k 48.1 23.2 2h.2 L48.1 24.2 23.3 48 50 50 48
54 55 55 54 48.1 23.2 24.2 L48.1 24.2 23.3 48 51 50 48
53 55 55 53 47.8 23.1 24.1 L47.8 24.1 23.2 48 51 50 48
53 55 55 53 yr.7  23.1 24.2 L47.8 24.2 23.2 48 51 51 48
54 55 55 54 47.8 23.3 24.1 L47.9 24L.0 23.3 48 51 51 48
54 55 55 54 y7.8 23.2 24.1 47.9 24.2 23.3 48 51 50 48
5k 55 55 5k 48.1 23.2 24,2 48.1 24.2 23.3 48 51 51 48
54 55 55 54 48.1 23.2 24.2 L48.1 24.2 23.3 48 51 50 48
54 S5k 5k 53 b7.8  23.1 2k.2 47.8 24L.0 23.k4 L8 51 50 L8
53 55 55 54 k7.8 23.2 24.1 47.9 24.0 23.3 L8 51 50 48
53 55 55 5k 47.8 23.2 24.1 L47.9 24.0 23.3 48 51 50 48
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System Temperature
Pressure (°F)
Date/Time Remarks (torr) Act. Pot. M-N
L/18/63 -9
2100 Read 6.5 x 10 48 Ly 18.2
4/19/63 -9
0100 Read 6.6 x 10 Lg Ly 18.1
-9

0500 Read 6.8 x 10 50 43 18.2
0900 Read 6.8 x 1077 L9 bo  18.0
1050 Read 6.8 x107° 50 43 18.0
1100 Special shutdown proce-

dure started -- Actuator

still operating

Taking data at each

pressure level
1230 Venting with dry 28

nitrogen
1238 Actuator still operating 750

but deteriorating fast
1240 Actuator test ended 750 58 45 18.0
1245 Read 750 50 52

Potentiometer Resistance
(lOOO ohms)
M-P N-P Y-R Y-Z

9.9 10.0 18.0 10.0

9.9 10.0 17.9 10.0
9.9 10.0 17.9 10.0
9.5 10.0 18.0 10.0

9.8 10.0 18.0 10.0

9.7 10.0 18.2 10.0

R-Z

———

9.9

9.8
9.9
9.6
9.8

9.7

2/
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% of Total Resistance Potentiometer Voltage % of Total Voltage
(volts)

M-P N-P Y-Z R-Z M N M-P N-P Y-R Y-Z R-Z M-P N-P Y-Z R-Z
5k 55 55 5k 48.0 23.3 24.3 47.8 24.1 23.3 48 51 51 48
5k 55 55 5k 4y7.9 23.2 242 L47.8 24,1 23.2 48 51 51 48
5k 55 55 54 7.9 23.2 242 47.8 24,0 23.2 L8 51 50 48
53 55 55 53 48.0 23.2 242 L47.8 24.0 23.2 48 51 50 48
5k 55 55 54 48.0 23.0 24.1 L7.7 24,1 23.3 L7 51 51 48
54 55 55 5k 47.9 20.2 242 L47.9 2k 23.3 48 51 50 48

/=2



OF JET VANE ACTUATOR, SERIAL NO. 02 WITH AMPLIFIER NO. k4

April 18, 1963, 1015 Hours

VACUUM OPERATION TEST

- D-13 -

TABLE 13

[0)
14}
[ [
! i
O o —~
o] O e}
© = =4
)
s 3 ;
= 9 o b
Ay 0 5 5
2~ — P 5o~ o
25 £ 3 o 5 A e
O r~ [ & O B Q L
[3) — O +£ A 3 (o] 2 —
o ) L > o 0 -’ SIKe)
5 ] o~ Ay~ [} o~ Ay >
e £~ 3} o o £ N
3 o5 IS pE & S 2 e
3~ 0 > Ay + & ~ +
L w M (@] ] 5 O (0] Q
0 Y ) © > e} g o+ 3 &
2 3 o S~ > ) 2~ ot )
28 5 e o T S 5 o
]~ 0 H n A [¢) S &=
0 A1l Signals Normal  +0.3 0.0 0.0 5.6 x 1077 + 3.0 0.0
-9
0.5 " +2.1 +0.6 3.7 5.0 x 10 +27.0  40.9
1.0 " +2.1 +0.6 3.0 5.2 x 1077 +23.5  +0.8
1.5 " +2.0 40.6 3.0 5.6 x 1077 +23.0 +0.8
2.0 " 2.1 0.6 3.2 5.6x107 2.5 0.8
-9
3.0 " +2.1 +0.6 3.0 5.9 x 10 +22.5 0.8
-9
L.0 " +1.8 40.6 2.4 6.2 x 10 4+21.0 +0.8
5.0 " +1.8 #0.6  10.0 6.2 x 1077 +22.5 0.8
5.1 Actuator Zero +2.1 +0.3 7.5 6.2 x 10-9 +22.0 ip.8
Position Shifted
-9
5.2 Reduced Input Voltage +0.8 +0.2 1.2 5.9 x 10 +22.0  +0.5
5.3 Shifted Zero Balance +1.8 40.5 5.4 6.0 x 1077 +22.5 40.8
Potentiometer
5.4 A1l Signals Normal  +1.8 0.5 5.0 6.0 x 1077 +22.5 +0.8
Again
6.0 All Signals Normal 2.3 0.8 L.3 6.0 x lO-9 +22.5 +0.8

/23




- D-13.1 -

TABLE 13 (continued)

0]
Q)
& 8
& 0 o
3 = =
~ &~ =
o o 0]
> o o
5 ga 5 g
Q O 0] O —~
Ay 59 g Jeii
GE)P o > [} > R o
(O Q A ~ O u v O
() ‘- O + 3 2 2 >
o k) + > o 0 = O ~—
£ PO gz &
£ —~ © + P Mo~ O ~ )
~~ o O &~ Py & = — =
oI} 0 > - Ay + & Ul +
D N A [®] Q g O 0 E (]
0 o~ “ £ > (o] 1= 0 + S~ IS
2 0 o 3~ > (T} £~ ot Q
5 E 5 g by e 2, 3 o
Mo = M 0 = 5 = =
. -9
7.0 All Signals Normal +2.3 40.8 5.8 6.1 x 10 +23.1 10.8
8.0 " +2.3 0.8 k. 6.1x10°  +22.6  10.8
9.0 " +2.3 +0.8 4.0 5.9 x 1077 +22.8  40.8
10.0 " +2.3 +0.8 7.8 5.8 x 1077 2.5  40.8
11.0 " +2.3 +0.8 6.2 5.1 x 1077 +0.8
12.0 " +2.2 +0.8 k.0 b5 x 1077 40.8
13.0 " +2.2 +0.8 3.8 4.0 x 1077 40.8
14.0 " 22 08 38  Lox10 +0.8
15.0 " +2.2  40.8 3.7 4.0 x 107 40.8
16.0 Pressure Burst +2.2 +0.8 11.5 6.6 x 10—7 +0.8
-9
17.0 A1l Signals Normal +2.2 40.8 7.5 6.3 x 10 +0.8
18.0 " 42.0 +0.8 5.2 5.9 x 107 40.7
-8
19.0 Pressure Burst +2.0 +0.8 7.8 1.0 x 10 0.7
20.0 All Signals Normal  +2.0 0.8 40 6.8 x 1077 +0.8
21.0 " +2.0 +0.8 4.0 6.8 x 1077 +0.8
-9
22.0 " +2.0 +0.8 4.0 7.0 x 10 0.6
23.0 n +2.0 +0.7 4.0 7.2 x 1077 0.6
-9
2k .0 " +2.0 40.6 3.7 7.0 x 10 0.5 /2y
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TABLE 1k4

JET VANE ACTUATOR, SERIAL NO. 02 WITH AMPLIFIER NO. 4

April 19, 1963, 1100 Hours
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TABLE 14 (continued)
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TABLE 15

POST VACUUM ATMOSPHERIC TEST

OF JET VANE ACTUATOR, SERIAL NO. 02 WITH AMPLIFIER NO. k4

April 19, 1963, 1238 Hours
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TABLE 16
CALIBRATION OF JET VANE ACTUATOR

SERIAL NO. 02 WITH AMPLIFIER NO. 4 (Torque Vs. Current)

Current
(milliamps)
Counter
Date Remarks Weight Torgue Clockwise Clockwise
(grams) (oz-in)
4/8/63 Before Vacuum 20 0.18 8.0 10.0
Exposure
50 0.4k 18.5 19.0
100 0.89 37.0 33.5
150 1.33 52.0 47.0
200 1.78 67.0 62.0
220 1.96 77.0 68.0
L/19/63 After Vacuum 20 0.18 7.0 9.0
Exposure¥
50 0.u4h 17.0 21.0
100 0.89 33.0 32.0
150 1.33 55.0 46.0
200 1.78 76.0 61.0
220 1.96 *% 68.0
250 2.22 4.0

*Torque Motor Balance Changed During Vacuum Test and Had To Be Shifted Which
Changes Calibration

*¥*Torque Motor Stalls With > 1.78 oz.-in. of Torque in Clockwise Direction

/2 8
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TABLE 17

CALIBRATION FACTORS OF MULTI-CHANNEL RECORDER

FOR JET VANE ACTUATOR, SERIAL NO. 02 WITH AMPLIFIER NO. 4

Parameter Measured

Input Voltage
Servo Potentiometer Output Voltage

Telemetry Potentiometer Noise

Vacuum System Pressure

Torque Current

Telemetry Potentiometer Output Voltage

Calibration Factor

3 volts/cm
3 volts/cm

30 millivolts/cm on —%— scale

4 millivolts/cm on —%— scale

15 milliamps/cm

3 volts/cm

/29
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GAS ESCAPE RATE FROM JET VANE ACTUATOR ASSEMBLY IN VACUUM

The jet actuators were mounted inside an evacuated chamber
which was then pumped down and held under vacuum for eight days.
One of the two actuators (unit No. 02) was tested with its cover
plate in place but with no "O" rings around its shaft so that all
of the air initially inside had to come out through two very narrow

(0.002") annular spaces as shown in Fig. 1B.

It was assumed that substantially all of the air would be re-
moved in a very short time compared to the eight day holding period
so that any gas escaping during operation of the device at the end
of this period could represent only surface desorption from the
internal parts of the device. The following calculations confirm

this assumption.

The notation and formulae used are from S. Dushman ''Vacuum
Technique", John Wiley, 1949. On page 102 Dushman gives the formula
(F0 = 75.3 Ai 1/sec) used below for the conductance of an orifice for
air at 25°C. Since the formula F o= .0583 Pmm \H?- which he gives
on page 17 is more basic and probably more familiar, the derivation

of the formula used is given here.

y s 3 _ \IM -2 -1
Mass Flux (orifice) = F, = .0583 P gm cm sec

T

F

_ _ DnRT __m

PV = nRT, vV = 5 n o= x
R = 67.36 torr liter/mol degree ©r
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M

.0583 x 62.36 \‘% cm? sec” !
3.638 \Fg— cm2 sec—l

H

Volume Flux (orifice) F, = =0583 P \Ib—'I %E cm? sec”!

il

]

For air at 25°C ¥ = 3.207

Therefore

1 -2

F, = 11.6 1/sec™ em™® = 75.3 1/sec’’ in”?

By considering the two annular passages of Fig. Bl as two orifices

and two short tubes, the approximate formulae

1 1 1
(= - =+
Ft Ft Fo
and
F, = 401.6 (A.2/H.1,) 1/sec”}
t -6 (A;7/Hj1,

given by Dushman on pages 102 and 103 can be used.

The meaning of the symbols is as follows:

FO = Conductance of an orifice of any shape (1/sec)

Ai = Area of orifice (inz)

Ft = Conductance of a long passage of any uniform shape (1/sec)
H; = Perimeter of passage (in) ‘o
1i = Length of passage (in)

Ft' = Conductance of assembly
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Steady State

Let

Then

A, = .002 x Tx .178 = 1.12 x 107> (in?)
Hi = 7x .178 = 0.56
A%/, = 2.23x10°°
F' = Conductance of assembly
%, = 3 %I = %I + %E + -%g + %Z sec/1
Fi = 75.3x1.12x 1073 - .842 x 107! 1/sec  1lst orifice
F, = 75.3 x 1.12 x 1073 - .842 x 1071 1/sec  2nd orifice
Fy = 401.6 x 2.23 x 10°%/(35) = 0.955 x 1072 1/sec 1st passage
F, = 401.6 x 2.23 x 10-6/(%3) - 1.435 x 1072 1/sec 2nd passage
5 = 1.19 x 10} + 1.19 x 101 + 1.05 x 10% + 0.70 x 10?

(Note that the ''resistances'"of the passages exceed the
"resistances'" of the orifices considerably)

23.8 + 105 + 70 = 198.8 sec/liter

1
ol

F' 5.0 x 10°3 1/sec = 5.0 cm>/sec

Il

7o
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Transient

Assuming all other conductances in the system are high in com-

parison and that there are no sources or sinks then

P
t = v 1n ?l
F' 2
P
- 2303 L 108
F' 2
Where

t = Time from Pl to P2 in seconds

V = System volume (cm3)

F' = Conductance (or "pump speed") (cm3/sec)
Since V = 27 and F' = 5.0, the time per decade pressure change
is

2,3230x 27 . 12.4 seconds

It is concluded that the volume (27 cm ) of air initially
present is of no consequence since it is attenuated one decade every
12.4 seconds and the unit was held in vacuum for one week before
testing. The 12-second pumpdown rate per decade of pressure assumes
zero outgassing from the inside walls of the cavity. The pressure
in the vacuum chamber may have exceeded lO—8 momentarily shortly

after the actuator was activated. However, it is worth pointing .
7
out that since the pumping speed was of the order of 750 1/sec
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whereas the conductance (F') of the actuator seal was only .005 1/sec
the pressure in the actuator could have temporarily reached a value
as high as 1.5 x 10_3 torr without raising the observed pressure in
the vacuum system above 10-8 torr. Thus, temporary lubrication of
the slip rings could have occurred. Other types of slip rings have

been observed to be quiet at 10'3 torr but noisy at lower pressures.

Of the two jet actuators tested the closed one which communicated
with the vacuum system only through the small annular channels des-
cribed above, ran for 24 hours in vacuum at a low potentiometer noise
level whereas the open one (end plate removed) ran quietly for only
a few minutes. Possibly this reflects the presence of some residual
high vapor pressure materials as well as of ordinary adsorbed gases
inside of the actuators in spite of any cleaning operation which may
have been used prior to receipt of the actuators. For example, if
oil were present even after the eight-day vacuum exposure its rate of
evaporation might have increased due to slight internal temperature
increase when motion was started. Conceivably, then this lubricating
reservoir might have been rapidly depleted in the open unit but re-
mained for 24 hours in the closed unit with the o0il vapor pressure
kept high by the restricted path for escape. The pressure measure-
ments would not reflect such behavior if the vapor involved were oil
or other substance which would condense on some cold surface without

entering the pressure gauge.

R -
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CURVE FOR VACUUM EXPOSURE NO. 1, JET VANE ACTUATOR, SERIAL NO. 01
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FIGURE 8
PUMPDOWN CURVE FOR VACUUM EXPOSURE NO. 2, JET VANE ACTUATOR, SERIAL NO. 02
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Torquer

/////”’— Servo Pot,
CW 20K +57
‘:&[ 100,000 Load

? 5 + 1% Linear-
ity
32V Applied
G K J C Voltage
O j> ' ? 1/2 W Pot.
F D
\ T
D .
CW Tel. Pot. 20K +5%
2 Meg. Load

+ 1% Linearity
32 V Applied Voltage
1/2 W Pot,

Notes: 1. + Voltage on G CW Rotation Looking at Output Shaft of Torquer
2. CW Rotation of Output Shaft Servo Pot. Slider Approaches Pin A

CW Rotation of Output Shaft Telemetering Pot. Slider Approaches
Pin D '

Ref: JPL Drawing 1-104208A

FIGURE 9 8o
WIRING SCHEMATIC OF JET VANE ACTUATOR




c-10 -

YOIVALOV ANVA 1il
¥Ood YIIATITAWV 40 DILVKWIHOS

. 0T N9
[~ &
! AOZ | VILE60T-Z 'ON Buimexq Tdf :Jdd
_ i A 0TSOTY
Il ¢+
A4 kuw" 10 ¢ .
-wol3juaijod
yoeqpaag! 0zl 6x 3 Y\x\omwl_n
107en30y | i1 0z mog
TR 1w T ]
A 02 | D f
! (¥ 8
A9 | ST —O o 4-
| 9C 9N¢C
—ul ||||| I0
L onz(0
A €°€S gF ApLZSHY A.zz Sed [X o8t
110D DL 3 e
£¥0 .ﬁlnu
_ 7 9GHNT N f Nw.m o
) ,
Junys o 3 rrosT seenz (1 v
q
e ¥
LN T9LNT
M 1g 9d . A
00S T 32

‘304
p: Y4

N1




- c-11 -

0
- |
l |
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N = | High
| | Impedance
. | Recorder
—=2
| T | < l
< | .
—J—SV : S — RpR = 1 M_n
T < |
b I3 |
Lol 3
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——t—
L__
Telemetry
Potentiometer
SPECIFICATIONS FOR MARKITE '"O" FILTER¥
Time
Constant Rgf R R¢ Rp Cg Cg C Speed eT
Markite Milli- 1 f2 3 1 2 f3
No. seconds K K K K uf uf uf
"O" Filter 2.46 820 820 820 2000 .003 .003 .003 60 rpm 2.25°
#REF: Test Report For Filtered Output -- Eng. Report P-429, page 4
Markite Corp., 155 Waverly Place, New York 14, New York
FIGURE 11 <o

SCHEMATIC OF LOW FREQUENCY "O'" FILTER
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1. Jet Vane Actuator 4. Pully (3" Dia.)

. 2. Jet Vane Actuator Plug 5. Mounting Plate

3. Dummy Weight 6. Vacuum Chamber
Cover

FIGURE 13
CALIBRATION TEST SET-UP FOR
JET VANE ACTUATOR, TORQUE MOTOR
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Static Potentiometer

FIGURE 16
SCHEMATIC SHOWING RESISTANCE AND VOLTAGE DATA
TAKEN FOR STATIC POTENTIOMETER
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TABLE 1

PRE-VACUUM ATMOSPHERIC TEST OF

JET VANE ACTUATOR, SERIAL NO. 1 WITH AMPLIFIER NO. 1

March 15, 1963, 2330 Hours
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TABLIE 2
10G OF PUMPDOWN DATA AND POTENTIOMETER DATA
FOR EXPOSURE TEST NO. 1

(JET VANE ACTUATOR, SERIAL NO. 0l, STATIC POTENTIOMETER, SERIAL NO. 100)
AND PRE-LOADED BEARING

P
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System Temperature Potentiometer Resistance
Pressure (°F) (1000 ohms)
Date/Time Remarks (torr) Act. Pot. M-N M-P N-P Y-R Y-Z R-Z
3/15/63 |
1200 Read - after condition- 760 76 76 19.5 10.5 10.5 19.5 10.5 10.5
ing of potentiometer
2000 Read - after installa- 760 76 76 19.0 10.1 10.3 19.0 10.5 10.5
tion of potentiometer
2330 Torque and equipment
calibrated
3/16/63
0230 Mechanical Pump On 760 78 78
-2
0240 2" Diffusion pump on 3.0 x 10 76 76
0315 6" Diffusion pump on 1.0 x 10'h 76 76
0330 Bakeout started, liquid 6.0 x 10'5 76 76
nitrogen to rear trap
0400 Read 3.0 x 107 10 140
0500 Read 2.5 x 1077 164 164
0600 Read 2.4 x 1077 183 183
0700 Read 1.8 x 1077 189 189
0730 Read 1.8 x 107 190 190
0800 Read 2.3 x 107 190 190
0900 Read 2.0 x 1077 184 18k
1100 Read 5.0 x 107 190 190
1300 Read 3.0 x 107° 190 190
1500 Bakeout ended 2.0 x 107 189 189
2010 Liquid nitrogen to 2.0 x 107 110 110
front trap -8
2100 Read and Outgas 5.1 x 10 70 70  19.0 10.3 10.6 18.9 10.5 10.
3/17/63 -9
0100 Read and OQutgas 3.0 x 10 65 65 19.0 10.2 10.5 18.9 11.0 10.:
0500 Read and Outgas 21x107 58 58 19.0 10.5 11.0 19.0 11.0 10.
0900 Read and Outgas 2.0 x 10'9 L9 49 19.0 10.5 11.0 19.0 11.0 10.
-9
1300 Read and Outgas 1.8 x 10 L7 L7  19.0 10.5 11.0 19.0 11.0 10.




